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To date, no example of a planar, homonuclear, 
monocyclic 10 t-electron system is known, which is some- 
what surprising in view of the fact that Huckel's "4n+2" 
rule predicts that this type of system should show aro- 
matic properties. 1,5-Bisdehydro[10]annulene (22) repre- 
sents this type of system, and would be expected to be 
aromatic. /Synthesis of pe WOuld then constitute a valu- 
able contribution to aromatic” chemistry. 

ttempts were made to synthesize both 3,4-benz- 
1,5-bisdehydrof{10]annulene (3) and 3,4-tetramethylene- 
1,5-bisdehydro[10] annulene Vee In both cases, the tar- 


Oo reactive to allow i1s0- 


ct 


get molecule was found to be 
lation. The 3,4-benz-derivative (32) reacted to form 
anthracene (60) ; the 3,4-tetramethylene derivative (37) 
Gave 15273 ,2-tei anvoroanthiracene (23) and 3,4-benzcyclo- 
dec-3-ene—-1 , s-diyne (24). Tt was concluded that 60 and 
22 were formed from diradical intermediates, and that an 


was the result of a "Cope-like" rearrangement of the in- 


ewer These results were indi-— 


plane electrons of compound 37 


Cative of the behaviour of the (hypothetical) parent mol- 
ecule (32) and to some extent the chemistry of this sys- 
UM 


tem is now understood. The results obtained also suggested 
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that a trimethylene derivative of rex, May be isolable. 
Preliminary work towards this goal is presented. The 1,5- 
bisdehydro[10]annulene system is also discussed with ref- 
Grencencvo rotier 10 mimelectrommaromatic ‘systems. 

The 1,5-bisdehydro[ll]annulenyl cation (23) is 
also a potentially planar, 10 t-electron aromatic system, 
in analogy with compound re: Hydride abstraction from 
3,4-benzcycloundeca-3,7,10-triene-1,5-diyne (236) and 3,4- 
tetramethylenecycloundeca-3,7,10-triene-1,5-diyne (38) 
failed to yield the corresponding dehydro[11] annulenyl 
cation derivatives. A discussion of these results in terms 
of the molecular geometry and in reference to a known 


bridged [ll]annulenyl cation is presented. 


Part ia 


Recently there have been reported numerous ex- 
amples of transition metal-catalysed rearrangements of 
highly strained hydrocarbons. These reactions promise to 
yield valuable information concerning strained molecules, 
transition metals, and their interaction. ‘Some of these 
rearrangements are discussed. Particular emphasis is placed 
on the Ag(I)=, Pa(il)= and Ro(1I)- catalysed conversion of 
substituted bicyclobutanes into butadienes. The dependence 
Of the course of the reaction on the métal, the metal lig- 


ands and the substitution pattern of the bicyclobutane is 
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emphasized. Mechanistic possibilities for these rearrange- 
ments are presented. 

At the start of this work, no intermediates in 
the conversion of bicyclobutanes into butadienes had been 
ae6ecrted. ft was found. that PACL.(C H CN) 5 (66) rearranges 


GiD 
AE Meare ara (43) into 3-methylenecyclohex- 


Peteve Lota si. 
ene (45). Monitoring this reaction by cold temperature 

nmr spectroscopy showed that two intermediates (87 and 68) 
are involved in this reaction. Intermediate §8 was shown 
to be a carbene-metal complex which had been proposed 
earlier as an intermediate. Complex 68 represents the 
first detection and characterization of an intermediate 

in the transition metal-catalysed rearrangement of bicyclo- 
butanes. Details of the conversion of Ae LALO re) by cata- 


lytic amounts of 66 are presented. 
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CONCERNING THE 1,5-BISDEHYDRO[10] ANNULENE SYSTEM 


"Ana Lf a thing 1S unknown, how is; 1t possible for 


anyone’ fo endeavour to produce it or to destroy ite” 


Avicenna 
De Mineralibus 


crrca 1020 AD 
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CHAPTER 1 
INTRODUCTION 


A. Cyclic t-Electron Systems 

In 1931, Erich Huckel reported the first applica- 
tion of Molecular Orbital (MO) Theory to organic chemistry.? 
His representation of the structure of benzene thus STaeed 
earlier, more empirical descriptions“ on a firmer theore- 
tical basis, and allowed extending the concept of aromati- 
city to other t-electron systems, thereby providing impetus 
for a vast amount of theoretical and synthetic organic 
chemistry. 

Huckel's theory for conjugated monocyclic poly- 
enes has had remarkable success, considering the rather 
generous assumptions inherent to aaee The planar o-bond 
framework is considered to be completely separable from 
the t-system, which is made up of 2p, carbon orbitals per- 
pendicular to the plane of the molecule. The interaction 
of the non-adjacent i orbitals is assumed to be non- 
existent. The molecule is also assumed to consist of 
equivalent CH units with equal carbon-carbon bond distances 
around the periphery. 

Linear combination of atomic orbitals (LCAO) then 
leads: to a set of molecular orbitals .. Somesof these mol-— 
ecular orbitals have energies lower than the constituent 


Py orbitals (bonding MO's) and some are of higher energy 
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(anti-bonding MO's). The lowest lying MO is always single, 
and therefore accommodates two electrons of opposite spin. 
Higher bonding levels occur in degenerate pairs, each pair 
requiring 4jelectronsitoy fidiythemis Each. groupyofsbonding 
MO'ts, can be, thought ofias a: shell),sands»so’itsis» thats 4n+2 
electrons (n is an integer) are required to yield a 


filled-shell configuration. These features are illustrated 


below. 


m™-Type Molecular Orbitals for Cyclic Polyenes, Cut 


In some 4n-electron cases, absence of alterna- 


tion in bond lengths results in degenerate MO's containing 


J*electron each. The system will distort in order to 
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3. 


remove the degeneracy and pair the electrons in a highest 
bonding MO, leaving a lowest non-bonding MO vacant. This 
is illustrated above for a 12-electron system, 
Huckel's theory leads to a rule, which has become 
known as the "4n+2" rule; it may be stated as follows: 
"those monocyclic coplanar systems of trigonally 
hybridized atoms which contain 4n+2 electrons 
will possess relative electronic stability." 
Thus, benzene (1) (n=l) is a erat detain inac- 
tive compound. Cyclopentadienyl anion* (2) and cyclohep- 
tatrienyl cation? (3) are far more stable than might be 


expected for classical organic ions. The next extension 


of Htickel's rule is that the particular electronic stabil- 
ity associated with a filled-shell configuration is re- 
flectedcin the classical concept «of! aromaticity. =Inethis 
way, aromatic character might be expected of any planar, 


eyclic arrayiot h4m“2 «n-ellectrons: 


Originally, the concept of aromaticity was asso- 
ciated with low chemical reactivity. This however, is a 


reflection of the transition state energy, which is not 
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easily.calculated, nor particularly convenient. That 
tropylium cation (3) is stable is irrefutable, but it is 
also highly reactive. 

Avfar more useful description of aromaticity 
would be one based on ground-state properties, which would 
be a better reflection of electronic structure, and there- 
fore more in keeping with Htickel's theory. Some measurable 
property of 4n+2 t-electron systems is thus needed as a 
basis for a new definition of aromatic character. 

The attempt to reconcile the classical concept 
of aromaticity with the more modern idea of low ground- 
state enthalpy has resulted in recent years in a plethora 
of new terms and classifications of polyenic molecules: 

19) pseudo-aromaticity°® 

2) quasi-aromaticity/ 

3) anti-aromaticity® 

4) non-aromaticity” 

5) Honeeoron eee se 

6) pseudo-anti-aromaticity™+ 
The suggestion has even been made that the term "aromati- 
city" be discarded aiese eo ae 

This host of terms is a reflection of the fact 
that no single physical criterion has emerged as a defini- 
tive means of establishing whether or not a compound is 


aromatic. This omission is not due to a lack of sugges- 
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tions.1? For instance, low enthalpy of formation is thought 
to be indicative of aromatic character. However, the 
“lowness" of this enthalpy of formation must be judged 
relative to a hypothetical molecule, whose enthalpy of 
formation is dependent on some rather arbitrary assumptions 
about the geometry and electronic structure of this (fic- 
titious) molecule. ** Thus this criterion is hardly rigor- 
Ous.. The designations of “alternant" and "non-alternant" 
hydrocarbons, and Craig's symmetry rules also fail to 
provide a rigorous definition of aromaticity.?? 

Benzenoid aromatic compounds show diamagnetic 
susceptibility effects. In order to explain this pheno- 


ae and London??? proposed the existence of 


menon, Pauling 
aie wiceraconLe Lino, Current Induced In the cy Cric, conju— 
gated m-electron system when a magnetic field is applied 
perpendicular to the plane of the ring. Aromatic hydro- 
carbons also exhibit characteristic chemical shifts in the 
nmr spectra of protons attached to the aromatic ring. 

These shifts are generally downfield from the "normal 
Olerinic” positions. The ring Current model was invokea?®r+? 
to explain these shifts, the effect of a diamagnetic ring 
current being to cause considerable downfield shifts 
(deshielding) in the molecular plane outside the ring and 
even larger upfield shifts (shielding) inside. 


In 1966, Pople and Untch*® pointed out that 
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15b did’ not’ restrict "them 


London's theory of ring currents 
to diamagnetic effects, Indeed, by mixing in of non- 
bonding MO's, the theory predicts a negative contribution 
to the magnetic susceptibility (diamagnetic ring current) 
for 4n+2 t-electron systems and a positive contribution 
(paramagnetic ring current) for 4n systems. 

A few interesting facts emerge from this descrip- 
tion: 28 

1) -Por’*al® sizes? o£ “rings? ‘the’ magnitude"of the ring 
Current: 1s" partially quenched by bond ‘alternation. “This 
quenching gets larger in larger rings. 

2) For 4n systems, infinite paramagnetism is pre- 
dicted in the absence of bond alternation. This, however, 
is not likely to occur because the molecule will distort 
to remove the degeneracy of the highest occupied and low- 
est unoccupied orbitals. 

3) For 4n+2 systems, n<7, the theory predicts an 
increase in diamagnetic ring current with ring size. ~ In 
the event that rings are buckled, the magnitude of the 
fing cursents wil Pcecrease wren the decreaser in tire errtec= 
tive overlap of the 2p_ atomic orbitals: 

4) Sin the mumr spectrum of tiese= molecules, “protons 
on the outside of a diamagnetic (4n+2) ring current will 


be’ deshielded- those inside wiil be shielded. ~~ For para= 


magnetic systems (4n) these effects are precisely reversed. 
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By this theory, some measure of ring planarity, 
type of mT-conjugation, and degree of conjugation is indi- 
cated by nmr spectroscopy. These factors are precisely 
those; dealt with by the Htickel theory. Accordingly, chem- 
Cal shit ts) oft protons wbonded!itolicyci ci poliyeni cisystems 
may reflect the aromaticity of the system. Indeed, such 
effects were proposed as a new, qualitative measure of 
aromatic character,+/119 

However, such a description is apparently not 
accurate enough as a quantitative measure of aromaticity.?? 
Musher~°? has attacked the ring current model, arguing that 
the chemical shifts displayed by aromatic hydrocarbons can 
be explained by the sum of contributions from localized 
electrons of both o- and t-character. In turn, this theory 
was eriticizea*t intithats iti fathedtitor predietyshieiding 
of protons inside the aromatic ring. 

It is the view of the present author that the 
ring current model gives a qualitative account of chemical 
shifts, and therefore may be used as a test of aromatic 
charalcten,msbuk. itidissnot undicative: ofethe, degree: off arco— 
maticity. Discussion of degree of aromaticity appears 
futile; any such discussion presupposes an exact definition 
of aromaticity, none of which has been generally accepted 
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phenomenon, and any attempts at quantitative measure have 

been based on measurement of physical properties which can 
be accounted for on the basis of a delocalized t-electron 

system, 

In all branches of chemistry (indeed, in all 
branches of knowledge) there exists a tendency to classify 
om group facts according \to icertainpatterns.... ‘Thesperiodic 
table is a prime example of this. Once grouped, a common 
criterion is sought or proposed, to place on an objective 
plane the reasons for the grouping of the facts--the source 
of their common characteristics. This process is exceed- 
ingly valuable for garnering deeper understanding of the 
physical realities in question. 

Benzene is an aromatic compound. Its curious 
properties, as related to polyolefinic compounds, then led 
to the development of the class of compounds called aroma- 
tic. Those molecules with features in common with benzene 
(low chemical reactivity, delocalized electron systems, 
diamagnetic susceptibility, etc.) have thus been included 
in this classis! Hiickel's “theory, andi extensions ‘of rt; 
allowed prediction of unknown structures that should exhi- 
bit tsind bar«<properties < 

Measurement of physical properties that may arise 
from factors delineated by Hiickel's theory as quantitative 


measures of the concept of aromaticity will lead to situa- 
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tions in which compounds intuitively considered aromatic 
ale thensexcluded.from theaclass,iwhichiin turn,sisibound 
to cause disagreement among those working in the field. 

Discussion of aromaticity as a class of com- 
pounds has to some extent been confused with discussion 
of aromaticity as a physical phenomenon, this latter des- 
cription being, at the very least, a controversial means 
of proceeding (see for instance, ref. 12-14). However, 
aromaticity as a class of compounds necessarily involves 
subjective and/or intuitive judgement when the question 
arises as to whether or not a particular compound is 
aromatic; any comparison, for instance, of a non-benzenoid 
hydrocarbon with benzene obviously must discount differences 
between the two as being unimportant relative to the sim- 
ilarities=thatwmay,exist.. This idiscounting,thus einvolves 
subjectivity, insofar as quantitative assessment of the 
relative importance of physico-chemical facts is not pos- 
sible, 

Finally, the following statement may be perti- 
nent: "In these cases in which a given theoretical notion 
is made to correspond to two or more experimental ideas, 
it would be absurd to maintain that the theoretical con- 
cept is explicity defined by each of the two experimental 
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For the purposes of this Thesis, the term "aro- 
matic" or "possessing aromatic character" will be used to 
mean that the compound under consideration is a member of 
the class of aromatic compounds; that is, the compound 
possesses certain properties, in common with benzene in 
kind, if not degree, that are at least explicable in terms 
of Huckel's molecular orbital theory. These properties will 
include, for instance, planarity of the molecule, lack of 
bond alternation, evidence for extensive electron delocal- 
ization (with reference to uv spectroscopy) and particularly 
diamagnetic anisotropy effects. This preceding discussion 
is not intended as a definition of aromatic character, but 
rather a working description of particular molecules that 
allow their classification as aromatic compounds. The 
description is used with recognition of the limitations 
inherent in applying these physical phenomena, but also with 
recognition of the utility of dealing with compounds as 
groups, rather than individuals. Labelling a compound in 
no way affects the reasons why that compound is interesting. 

The prediction Of ‘aromatacity Lor; e¢yclicy. planar 
fully conjugated 4n+2 t-electron systems was mentioned at 
the outset. Perhaps tin) no, other endeavour, im jchemistry: has 
the coupling of theory and experiment been so fruitful in 
gaining-understanding of the electronic structure, of mole- 


cules. This section has briefly discussed some theoreti- 
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cal aspects of aromatic chemistry; the next section will 
present some representative experimental work which sup- 


ports "the ="4n+2" “rule? 


B. Some 4n and 4n+2 n-Electron Systems 

the-annulenes aré ‘monocyclic, fully conjugated 
polyenes, with the ring size being indicated by a number 
in brackets. Conjugated polyene-polyynes are called dehy- 
agroannulenées;i*with bis; tris; tetray €tes, being used ‘as 
prefixes to indicate the number of acetylenic bonds in the 
ring. Thus, benzene (1) is [6]annulene, cyclooctatetraene 
(4) is [8]annulene, and compound ES 1,3 ,7,9-tetradehydro- 
[l2]annulene. This system of nomenclature was suggested 
by Sondheimer“? in order to simplify the names of macrocyc- 
lic polyenic compounds, and it will be used throughout the 


remainder of this Thesis. 


Sondheimer has done much of the synthetic work 


24,25 This followed from 


in the higher annulene series. 
his discovery~° that oxidative coupling of a,w-diacetyl- 


enes led to the formation of cyclic polyacetylenic com- 
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pounds, Rearrangement of these compounds in strong base 
gave rise to fully conjugated dehydroannulenes, which on 
partial catalytic hydrogenation produced the desired annu- 
lenes. 

Both annulenes and their dehydro-analogues are 
useful compounds for investigating the limits of HlUckel's 
theory. Dehydroannulenes are particularly interesting 
because the acetylenic bonds induce planarity and some 
degree of rigidity into the annulene..ring, which still 
possesses the correct number of out-of-plane t-electrons. 

Monodehydro[14]annulene (6, or an isomer) was 
formed by coupling, of trans, trans—4, 1l0-tetradecadiene-1)7/,— 
13-triyne, followed by treatment with potassium t-butoxide. 


Hydrogenation of § over Lindlar catalyst gave [14]annulene 


a7 [14]Annulene is 


(7), a (4n+2) 1-electron system (n=3). 
not very stable, but exhibits a uv spectrum characteristic 


of a conjugated system teers 32) and 378 nine = 69,000 and 
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5,700). {14]Annulene exists in two forms, thought to be 
d& and 7B, which result from the crowding of the internal 
protons. This crowding probably accounts for the instab- 


mbrty of sthis compound, 78 


dR AR 


The nmr spectrum of isomer dA at -126° shows peaks at T 
Del2ec LOH) and) t 10%61. (4H), “assigned -to: the outer and 

inner protons respectively.?? The presence of a diamag- 
netic ring/scurrent is\¥indicated. Recently, Oth has shown?” 
that the temperature dependence of the nmr spectrum of [14]- 
annulene (q) is due to a fast isodynamic transformation 
between the two conformers, /A and /C. X-ray analysis>® 
shows that /A is the crystalline form of [14]Jannulene. 
The moLecuLe 1s not quite. planar, but the near centro-= 
Symmetric structure, and C-C bond lengths (1.350 — 1.407 


A)y indicate that there is no chemically significant al- 


ternation in bonds. {14]Annulene (7) is in accord with 
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Huckel's rule, and is aromatic. Several dehydro-derivatives 
show similar properties, +! and are also aromatic. 

The first higher annulenes that Sondheimer re- 
31-37 


ported were those containing the 18 t-electron system. 


1,7,13-Tridehydro[18] annulene ayes is a stable aromatic 
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compound; its nmr spectrum shows absorptions for the outer 
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218 415, and 456 nm Ke = 297,000,<8,700 and 28,400). A 


Partial hydrogenation of 8 led to [18] annulene 


The uv spectrum of 2 Shows maxima (benzene) at 


stabilization energy of 100+6 kcal/mole was determined by 
combustion analysis.?° The size of the 18-membered ring 
permits conformational mobility, and thus the nmr spectrum 


of [18]annulene is temperature-dependent, a phenomenon 


which is observed in other large annulenes.*/ At -60°, 


2, Shows peaks in the nmr at tT 0.72 (12H, outer protons) 


29,35 


Sanat #t2.99e ol, Tniner protons) * Compound 9 also 


6H 


undergoes electrophilic substitution. [18]Annulene is 


an aromatic compound. Several dehydro[18]annulenes have 


been prepared, and they show properties consistent 


with them being aromatic. 

Dewar had calculatea?® that annulenes containing 
4n+2 t-electrons and a reasonably planar carbon skeleton 
would be aromatic up to and including [22]Jannulene, but 
that [26]annulene would no longer be aromatic. Similar 
considerations apply to the dehydro analogues. Thus Sond- 
heimer's synthesis of monodehydro[22]annulene (10) was of 


considerable at dee eee 


Compound 19 shows uv absorption (ether) at 280 
mete =-2e- 800) >" 372> (1927000), 438 (il, 900), 452° (12,200) 


and 495 (3,600). The nmr spectrum of 10 showed multiplets 
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oon. Jo—5.)/ 5 Obs. outer protons) and 16. 55-9730. (7H) 
inner protons). The exact structure of this compound (19) 
is unknown, and 0 represents one of several possibilities. 
Tne compound is aromatic. 

Partial hydrogenation of 10 gave [22] annulene 
it yiaee The nmr spectrum of Ji was found to be temperature- 
dependent. At -90°, it consisted of multiplets at t 0.35-— 
O27) andy t..0.9-1.5. as well as a high-field multiplet at 7 
20 G4—-11,2.5" At 65° ,.the spectrumeis albroad singletsatur 
4.35. [22]JAnnulene is aromatic, by virtue of the diamag- 
netic shifts in its low-temperature nmr spectrum. 

A tridehydro[26]annulene (for instance, 12) has 
been synthesized by Sondheimer's group. “+ The nmr spec- 
trum of 12 showed only a very broad multiplet at’ 7 2.0- 
4,5 Cooling did not significantly alter the spectrum. 
Thus there is no evidence that this compound (12) can sus- 


tain a diamagnetic ring current; it is not aromatic. 
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However, a monodehydro[26] annulene (13) has 
recently been reported.” At -90°, this compound has ab- 
SOrpre1ons in the nmr spectrum at 1 2.1-3.8) and 1. 5.38—-6.0. 
This difference in the chemical shifts for the inner and 
outer protons indicates that Le is capable of sustaining 
some diamagnetic ring current, and is therefore aromatic. 
The 213m, schen, .of aromaticirty wren ring size appears 
to be the 26-membered ring. Compound 13 is the largest 
monocyclic compound. for which a diamagnetic ring “current 
has been detected. 

All of the above compounds contain 4n+2 n-electron 
Systems. Htickel's theory allows the prediction that sys- 
tems of 4n+3 n-electrons should be capable of giving up an 
electron to form a cation=wrthw4nt2 n-electrons; systems 


of 4n+l t-electrons should similarly add an electron to 
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form a closed-shell 4n+2 t-electron ond system. [4n]- 
Annulenes may also add 2 electrons to form 4n+2 t-electron 
annulenyl dianions. 

Examples of each of these systems are known. 
[5]Annulenyl anion EN and [7Jannulenyl cation eg oe 


have already been mentioned. Non-aromatic [8] annulene (4) 


is converted into [8]annulenyl dianion (14) by reduction 
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of a with alkali metals. 8-Chlorobicyclo[6.1.0]nona- 


2,4,6-triene gives the anion eNetaan ' That these compounds 
even exist should justify their inclusion into the aromatic 
class of compounds. The nmr spectrum of 15 is a sharp 
Srngletrat -t 2.96, a iow field absorption in Spite of the 
shielding effect of the negative charge. Thus 15 sustains 


a diamagnetic ring current. 


The simplest of all aromatic systems is the 
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cyclopropenyl cation (16) (n = 0), which has been prepared 


in substituted and unsubstituted formes” 


Sondheimer has begun extending his annulene 
25,49 


One example of this work 
9d 


chemistry ta ionic systems. 


is the [17]annulenyl anion Bos ike This compound shows 


A OMe 


nmr absorptions. at 1 -0.47-2.16 for the outer protons, and 
Tereewo4 pole. 05, wand 29..0l for thevwinner protons. ws hese 
unusually large differences in chemical shifts are demon- 
strative of a ring current for this 4n+2 t-electron system. 
The simplest of [4nJannulenes is cyclobutadiene 
(n = 1). It is unknown, and still presents a considerable 
challenge to synthetic organic chemistry; some derivatives 
of [4Jannulene have reportedly been isolated in the lat- 
Pleo atl t0uid ni trogen temperatures. 7° [8]Annulene (4) 


was synthesized in WO Iocan it isi-not at alllike benzene, 


a fact that provided further impetus in looking for an 
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explanation of aromaticity. 


Dehydro-analogues of [12]annulene have been syn- 


thesized (compounds L8 and 19). The two protons on the 
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trans- double bond of 2A resonate in the nmr spectrum at 

tT -0.9; it was suggested that this is the result of an 
averaging process caused by interconversion of two planar 
conformers, and that the ring is sustaining a paramagnetic 
ring current.1® This conformational change is not possible 
in compound 2b because of the size of the bromine atom, 
The synthesis of compound 12b was achieved by Untch and 


eee The.single, inner proton) appeared “at_1°=-6.4. 


Wysocki. 
igb is therefore planar, or nearly planar, and supports an 
induced paramagnetic ring current, which is elegantly in 
agreement with the theory briefly discussed earlier. 
{[12]Annulene (29) has been prepared, but not TeOiet ade 


Compound 20 is thermally unstable above -40°. 
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[16]Annulene (Zi) has been prepared, and is a 
very unstable compound. > Evidence has been presented to 
show that dehydro-analogues of xi Sustain an induced para- 


: 18 
Magnetic =ring.current. 
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[20] Annulene (22) has also been reported. Both 


At and 22 are definitely not aromatic. [24]Annulene is 

also known, >° and it has paramagnetic properties.”! 
Experimental work in annulene chemistry appears 

to be in complete agreement with theory. The ring current 


model seems also to have been vindicated, at least as a 


means of explaining otherwise anomolous chemical shift 
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data, 
In all of the above work, there is one notable 
blank space. No mention has been made of the 10 r- 
electron system, [10]annulene (n = 2), or its dehydro- 
8 


analogues. > They merit a separate discussion on their 


Own. 


C. The 10 t-Electron System 
[lO]Annulene is the next highest 4n+2 homologue 
of benzene, and thus might intuitively be assumed to be 


aromatic. Three configurations of the molecule are pos- 


sible (23, 24, 28)- 


23 | 24 25 


Isomer ZR is free of angle strain, but the trans- 
annular interaction of the internal hydrogens appears to 
be so great that the carbon skeleton is not expected to be 
planar. tIsomer £2 has no such interactions, but the bond 
angles for a planar structure (144°) are considerably dis-— 
torted) from thernormal angle (120°) for aoe hybridized 


Calc MOnleome struc tuLe ZA can be considered a compromise 
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between RR and An, and it too would ivoige cone eres 
angle strain and geometric distortion. 

Isomer Ant however, does suggest a means of con- 
structing a 10-membered annulene with only minor distortion 
from planarity. This involves replacing the internal hy- 
drogen atoms with a one atom bridge. Such an approach has 


been successfully employed by Model]. who synthesized com- 


pounds Rearc. 
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b) x 


¢) X = NH 
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These compounds do indeed exhibit aromatic character. 
Further discussion of them is deferred to Chapter 5. 

Whichever of the isomers of [10]annulene (23, ZA 
or 22) are considered, a lack. of'planarity,.and a tendency 
for transannular reaction would be expected. °° This, lack 
of electronic stabilization coupled with the expected high 
reactivity were evidently responsible for the failure of 
synthetic attempts to make this molecule. 

Sondheimer has reported the synthesis of the 


tribenz [10] annulene nea He concluded that the 10- 


7 — = 
AY ir \ ’ a = ' 
' ; ) A Gere an 
" Le 
Me 


bideteatcndn eviovns bitow cot ai ‘ths i 


Wet e eee, see Lasqndhy 8 he 


oo 20 2ne4n) s- teemtwa’ cach tev at vy pie 
7 ; ~~ 


debt eeseiS soul ying Win ane hPa es Selita ca 


wi Ceutietiui sit zALoaio-+r> cav hove aeat aes § 


; 
BAT HOaoOTgae ne HOV sPpitc, MOIk Sao Saas 
ie! cae |S ie A “ . ' r= af ry ¥ f 
“IO Weq Beatie Olt ao 4z ay 7 its ay 
LO ee ra as qi 
a a — 
/ so ~ 
j wa 
i 
i} — o : ? 
%, ot Ps 
. . Pr ; 
_ c 
mh it 
iw CA One 


tadobteds miseries sidivine Hon hay Oke dhe mvt 


e Me Geely (Os Someta i> perks 39 ae saspsigc 
a ¢ | we ltprtiorn f 11 20 | 22en3< 
My ’ cs) afelyitiwn (OL) 20 erect BD | RO 3 cet cout ae at 


» (Anooiac ve Sie vyilrsania i) “fy et &: (baeebiai i 

- ’ _ av 7 

: J Yr i) i ; Li bd 7 ‘ ya i: Dy ioe Ps 

MaAL Biit. “"-hsqneies sdb toy BERS, wor 
ok | its 

NOR WOosserKS ens ntin. haigvoy Holdgss Lhe 


rr y 


/ dd . | et Ww © 
ae segue ied eft tor sldie a 


, os 


- MSivasicn sink ean oF. 


mala, 20 GLeodsitve. sid Had-rose: 


24, 


ad 


membered ring in Ad, 1S not planar, and no evidence for a 
delocalized electron system around this ring existed. 
This indicated that any stability achieved by such delo- 
calization was outweighed by the steric and strain effects 
involved in a planar structure, as expected. 

In 1967, van Tamelen and Burkoth reported the 
apparent trapping of an intermediate [10]annulene gener- 
ated by the~photolysis of trans~9,10-dihydronaphthalene; ° 
the first synthesis, isolation and characterization of 
{[lOJannulenes was finally accomplished in 1971 by Masamune 
and co-workers, by low temperature photolysis of cis-9,10- 
dihydronaphthalene, followed by low temperature workup. 

The two isomers, (cis) °-[10] annulene (22) and 
trans, (cis) *-[10] annulene (24) were indeed very reactive, 
stablefoniyuup=to.-10° and -50° respectively. \Theynmr 
spectra showed only olefinic absorptions; both a and me 
nmr spectra of RA were temperature dependent, indicating 
that this isomer was not planar. Neither compound (23 or 


RA) can be called aromatic. It should be pointed out that 
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these two compounds are not exceptions to Htickel's rule; 
they simply fail to meet its requirements. 
In 1948, Sworski briefly discussed incorporating 
acetylenic and/or cumulenic bonds into 4n+2 t-electron 
63 


systems; the triple bonds in some instances induce the 


molecule to assume a planar configuration. Sondheimer has 


used this approach with particular success in [12]- and 
higher annulenes, as outlined previously. Sworski made 
particular reference to 1,6-bisdehydro[10]annulene (28) 5 
for which the Kekulé structures are shown. The molecule 


should be planar, with only moderate apparent 
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Strain. 
Sondheimer has reported an attempted synthesis 
of a molecule (22) which formally incorporates the bisde- 


hydro[10] annulene Ox ar The only isolable product from 
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this attempt was zethrene (39). The formation of RQ indi- 
cated that 22 was very unstable (assumedly this compound 
was an intermediate) and readily undergoes transannular 
reactions. 

This instability is probably a reflection of 


the interaction of the in-plane t-electrons of the acetyl- 
enic bonds. The centre of the molecule might well be 
expected to be crowded for this reason, and transannular 
reaction would relieve repulsive interactions. Little is 
known about 10-membered ring cyclic acetylenes. Recently, 


Reese reported the synthesis of compound Bae (along with 


OMe 


MeO an 

the unwarranted claim that this was the first example of 
a 10-membered ring containing two acetylenes®>). Aye als 
apparently a stable compound, indicating that the inter- 
action of the in-plane t-electrons, in this case, is not 
severe. 31 also is an intermediate in a possible synthe- 
tic pathway to 1,6-bisdehydro[1l0]annulene (28), although 
how promising this route is awaits further work. 

It is apparent, however, that 28 will probably 


suffer severe interaction of the acetylenic t-electron 
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clouds. There is an alternate bisdehydro[10] annulene: 
1,5-bisdehydro[10]annulene (aehee (for which, Kekulé struc- 
tures are shown). This molecule should be planar, and, as 
indicated by Dreiding models, should not be unduly strained 


--certainly it should be less strained than a planar (cis) ?- 


= — eal 
fi <—» [ | 
=> on => — 
RR 


[10] annulene (23) - It also contains a 10 t-electron sys- 


tem, and thus should be ideally suited for studying the 


properties of planar 10 m-electron systems, making 32 a 
desirable synthetic objective. 


The structure of RK suggests another interesting, 


potentially planar 10 t-electron system, and that is the 


1,5-bisdehydro[11] annulenyl eatron, Res 
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an RA, 


Assumedly, the cation Ree) could be generated by 


hydride abstraction from cycloundeca-~-1, 5-diyne-3,7,10- 
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triene (34). The,attractive aspect.of this latter mole- 
cule is that models suggest that it is virtually strain- 
free, and it therefore should be a stable compound, which 
augured well for the ultimate preparation of cation are 

Our synthetic objectives were then to build mole- 
cules 32 and 24, Or compounds which formally contained 
ehese systems tainipmactice, ithe first synthetic) targets 


were compounds 3) and 26, the 3,4-benz-fused analogues of 


a 
ee 


re and 34, respectively. 


= Uf 
NN 


\\ 
Z 


~ 
SBT “SS 
eS 


Sy 


This choice was made for two reasons: 1) the starting 
Materials necessary for the projected synthetic schemes 
were readily available; 2) it was hoped that the presence 
of the benzene ring in the synthetic intermediates would 
Nelpestabalize them, “thus. facilitating, the synthesissof 
both 35 and 36. This body Of work = is »the subject of 


Chapter 2. 
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For reasons that will be delineated later, we 


also pursued the synthesis of compounds rd and 38, which 


are the 3,4-tetramethylene- derivatives of the 10 1T- 
electron systems 32 and 34. Some intriguing chemistry 
arose from these studies, which are presented in Chapter 
i 

Chapter 4 deals briefly with other synthetic 
approaches to the 1,5-bisdehydro[10]annulene system, 
Chapter 5 is a summary and assessment of this body of 


work as it relates to other 4n+2 t-electron systems. 
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CHAPTER 2 


SYNTHETIC APPROACHES TO A BENZ-FUSED 1,5-BISDEHYDRO- 
a ee ee ae 


[10] ANNULENE 


A. The 10-Membered Ring 
The first synthetic objectives in our study of 
bisdehydro[10]annulenes were the benz-fused systems xp and 


28, aS was mentioned previously. 
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It would obviously be of great advantage if the 
respective syntheses of these two molecules were similar 
in concept, or even if they involved some of the same syn- 
thetic intermediates. Consider first the “dissection" of 
the moleemles imto.possible “building Dlocks"& The only 
difference between 35 and 36 is the methylene carbon at 
position 9 in 36, and therefore, in order to utilize com- 
mon synthetic intermediates, the breaking up of the mole- 


ealossmuctsoccur at points ,to the, “lett! of this carbon 
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atom. Two lines of dissection can then be considered, as 
indicated by the broken lines (a and b) in the figure 
above. 

The first line (line a) implies a synthetic route 
in which, at some stage, a benz-fused, 8-carbon unit is 
condensed with a 2- or 3-carbon unit to form the 10- and 
li-membered rings of Ap and 36 respectively. Inclusion of 
acetylenic bonds in the 8-carbon unit offered the advantage 
of approximately correct geometry for the ring formation. 
The Wittig reaction converts carbonyl functions into double 
bones, wlLen concommitantsrntroduction of;.carbon atoms. 
There was some precedence for using a bis-ylid in ring 


58,66 


forming reactions, and thus formation of at least the 


(strain-free) ll-membered ring by this route seemed quite 
favourable. These considerations dictated that the de- 


sired structure of the 8-carbon unit was the dialdehyde 39. 
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A readily available starting material was o- 


phthalicdicarboxaldehyde (40). The synthesis of 39 con- 
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sisted of adding 2-carbon moities to each of the aldehyde 


groups in 40, followed by functional group modification 


leading ultimately to 39. 


The synthesis is outlined below, 


CHO O,Et 
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CHO — 
| COPEL 
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as first performed by S. Sarkar of our ieee. 

Condensation of phthalicdicarboxaldehyde (49) 
with 2 mole equivalents of carboethoxymethylenetriphenyl- 
phosphorane gave without complication, the bis-vinylic 
eccn (4) pias. .coboupless crystals Mmpi77.5-78°).. | The six 
Spectrum of 4] showed absorption for the a,f-unsaturated 
esvrer, Carbonyl.at.-L ALO cm, 

In order to avoid possible 1,4-addition to the 
a,8-unsaturated ester groups in a metal hydride reduction 
of 41, di-isobutyl aluminum hydride in benzene was chosen 
as the reducing agent. This reagent has proven to be more 
Satisfactory than lithium aluminum hydride for these types 


of Ee heen eu 


Reduction of PAY this method gave the 
allylic sdiol A2, as icolourless,cnystals, (mp 91-91..5°):. 
Presence of OH absorption (3600 cm +) in the ir spectrum 
of 42 confirmed that the reduction had occurred; a complex 
multiplet at Tt 2.4-4.0 in the nmr spectrum showed that the 
double bonds were still intact after the reduction. 
Oxidation of the diol 4g to the dialdehyde A3 
was achieved in good yield by reaction with MnO, in methyl- 
ene chloride .°? The ir spectrum of 43 (2700 em7+ and 1680 
cmt) confirmed the presence of the aldehyde residues. 
Treatment of 43 with bromine in acetic acid, followed by 


anhydr ank,,Co gave the vinylic dibromide 44 (aldehyde 
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ment with ethyl orthoformate and a trace of acid gave the 
bis-diethyl acetal A2- This compound was bis-dehydrobro- 
Minated by the action of potassium hydroxide in ethanol to 
give the acetylenic diethyl acetal A&, which gave the 
desired bis-acetylenic aldehyde ef, upon mild acid hydroly- 
sis, 

Unfortunately, the overall yield of 22 was not 
very good (37%), and the procedure was somewhat lengthy, 
and not particularly amenable to the production of large 
quantities of 39, which we expected would be necessary. 
Several attempted conversions of RP) into an 11l-membered 
ring compound failed, as did attempts at chain extension 
reactions, in order to ultimately construct the 10-membered 
hing. At the time: that the. synthesis of 22 was complete, 

a second approach to the synthesis of 35 and 36 was offer- 
ing promising results, and so the route through dialdehyde 
rR, Was abandoned. 

This second synthetic approach 1S indicated by 
the es lines marked b in the figure on page 30. Con- 
densation of a pane eae ee aon unit with an appropri- 
ate 4- or 5-carbon unit would lead to a molecule containing 
the required 10- and 11l-membered rings, respectively. Fur- 
ther modification of these latter compounds would then lead 


to RA and BO « 


The choice of the 6-carbon unit was obvious. 
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o-Diethynylbenzene (47) contained the required acetylenic 
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bonds, and suggested that the ring formation could be 
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achieved by nucleophilic displacement by the bis-acetyl- 


enic anion, o-Diethynylbenzene was a known compound, and 
our synthesis of Aq was modelled on that reported.°” 

Once again, o-phthalicdicarboxaldehyde (40) was 
the chosen starting material. Reaction of 40 with 2 mole 
equivalents of methylenetriphenylphosphorane gave o-divinyl- 
benzene (48) without complication. Reaction of 48 with 
bromine in carbon tetrachloride quantitatively gave the 
tetrabromide (42) as colourless prisms (mp 74-75°). 


Treatment of 42 with 4 moles of potassium t-butoxide in 


t-butanol gave the desired o-diethynylbenzene (47) in sca 
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CHO 


CHO — 


49 48 


gZ Br he 
ee 
4 Br a 
An 

Gosnyieidlasmamcolounrtess| lagquid. (bpl59°% at. 3 .55mmi ig), 
which turned red-brown on exposure to air. Ad exhibited a 
Sharp? singletwati7! 6.655 (2H) in its’ nmr spectrum, jattribu- 
table to the acetylenic protons. Bands at 3230 and 2110 
cmt in the ir spectrum confirmed this assignment, 

In order! tol form the 10-membered ring, the 4- 
carbon unit chosen was 2-phenyl-4,5-trans-ditosyloxymethyl- 
dioxolane (29) - The actual cyclization reaction was envis- 
aged as a nucleophilic displacement of the tosylate groups 
by the bis-acetylenic anion formed from o-diethynylbenzene 
(47). This condensation involves the formation of a some- 


what strained ring system. Therefore the most favourable 


arrangement of the tosyloxymethyl groups was that in which 
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the distance between them most closely matched the distance 
between the ends of the acetylenic groups. Molecular models 
indicated that this arrangement was best achieved by the 
trans stereochemistry on) the dioxolane ring, “implying a 
molecule with a dl-configuration (20). 

Attempted reaction of dilithio diethynylbenzene 
with 1,4-dibromobutane failed to yield any of the 10- 
membered ring compound. This indicated that some rigidity 
in the 4-carbon unit was desirable to facilitate the cyc- 
lization reaction. The dioxolane ring system of 50 was 
suitable from this point of view. In addition, after the 
Cyclizatron, hydrolysis of the dioxolane ring would result 
in the formation of a 10-membered ring substituted by two 
hydroxyl groups, which could be converted’ into functlonal— 
ity suitable for §8-elimination to the desired bisdehydro- 
[10Jannulene (35). The synthesis of 50, which was achieved 
in collaboration with Dr. J. Salatin of this laboratory, is 


outlined below. 
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ihe desired dl-stereochemistry of PO dictated the 
choice of starting materials to be diethyl dl-tartarate 
(PA) - The dioxolane ring was formed by acid-catalysed 
reaction of Ra with benzaldehyde, under benzene reflux, 
with azeotropic removal of water formed. The dioxolane di- 
ester (22) was formed in excellent yields. That the stereo- 
chemistry of this compound was as desired was evident from 
the nm spectrum. <The: protons on the ethyl groups reson— 
aced at it) Ss72 as a triplet of ‘doublets \(6H) and atom 5.70 
as a quartet of “doublets (4H),,indicating that two diirer— 
ent ethyl groups were present, as is necessary in a struc- 
ture such as p24, with the phenyl group on one side of the 


ring. The protons at positions 4 and 5 on the ring showed 
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as an AB quartet centred' at t 5.08 (J, 3 = 4), thus con- 
firming the stereochemical assignment. 

Compound »g was reduced by lithium aluminum hy- 
dride in excellent yields to give diol 43 as colourless 
crystals; 53 was not further purified, but reacted directly 
with p-toluenesultony) chloride in pyridine’ to give the 
desired ditosylate (20) as colourless crystals (mp 131.5- 
P3225.) “Besides aromatic absorptions (1 2.42, mm, 13H) sand 
the tosylate methyl absorptions (tT 7.60, s, 6H), the nmr 
spectrum of 50 showed a sharp Singlet (t 4.20, 1H) for the 
benzylidene proton, and a broad singlet (apparent) (Tt 5.80, 
6H) for the methylene protons and the protons on the dioxo- 
lane ring. 

The condensation of o-diethynylbenzene (47) with 
the ditosylate (20) was attempted under many different con- 
ditions. Generally, the dilithio salt of 47 was generated 


by reaction with n-butyllithium, In refluxing ether, THF, 
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and liquid NH3, no reaction with r2 occurred, and 47 could 
be recovered. The use of THF-DMF as a solvent system resul- 
ted in the destruction of the dilithio o-diethynylbenzene. 
The only solvent in which reaction occurred as desired was 
dioxane. Thus, reaction of A] imdiexane with’ 2emole 
equivalents of n-butyllithium in hexane resulted in the 
Precipitation vo£l astine, whitessolidvwa.Aftersaddingmlemole 
equivalent of the ditosylate (50), and refluxing the mix- 
ture for ca 100 hr, chromatographic separation on alumina 
with hexane/benzene (1:1) eluent gave the desired compound 


(pe) in 10-t5e yield. 


Compound aA was a colourless, crystalline com- 
pound (mp 143.1-144.3°). Mass spectroscopy showed a mol 
ecularvion at=-m/e = 300. The 1r9spectrum oft aA Showed a 
Sharp absorption at 2220 cn, indicating that the acetyl- 
enic bonds were intact. The nmr spectrum showed peaks at 
Ti 22660(m, OH) stor the ‘aromatic: protons, sand at 7 2. 20mts, 
1H) for the benzylidene proton. Peaks centred on Tt 5.61 


(m, 2H) and ++7.08 (m, 4H) weresassigned to the remaining 


dioxolane and propargylic protons, respectively. 
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The dioxolane ring of compound 54 proved remark- 
ably resistant to acid hydrolysis. ’° Under those condi- 
tions (6N HCl in refluxing dioxane/water) under which some 
dioxolane hydrolysis was detected (presence of benzalde- 
hyde), it was evident that attack on the acetylenic bond 
had occurred, which is probably a reflection of the 


strained nature of these bonds. Compound vere formed) in 


= PEAG 
—a 
te 
= fe 
Rr, R) Ry unos CH, 
aU ae TOES ee is 


a manner identical to that of nA) proved no more amenable 
to hydrolysis. Compound 5pb, which might have been expec- 
ted to be quite acid-sensitive, could not be made. Clearly 
some rather different approach to the hydrolysis of the 
dioxolane ring was necessary. 

In 1960, Meerwein had published work concerning 
the abstraction of a hydride ion from the 2-position of 
dioxolane rings. /+ He reported isolating several fluoro- 
borate salts of these systems, the most stable of which 
was the 2-phenyl case, in which the positive charge is 
delocalized through the aromatic ring as well as over the 
two adjacent oxygen atoms. Hydrolysis of these salts 


gives an a-hydroxybenzoate, which in turn is readily hydro- 
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lysed by alkali to the parent diol. 
This seemed to be the ideal solution to our 
probilem—-the desired destruction: of the dioxolane ring in 


RA could be achieved under neutral conditions. Thus, 


treatment of 54 as a solution in CH,CN with trityl fluoro- 
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rd, R, = H; Ry = Bz 
r& Ry = Ro = H 
Ra, Ry = Ro = Ms 
borate*>> gave a bright yellow crystalline compound (which 


was not characterized, but presumably was the salt, nr) - 
Hydrolysis of 56 with aqueous NaH, PO, (IMs pH 7 butter), 
followed by chromatography on silicic acid (to remove the 
triphenylmethyl species) gave excellent yields (>80%) of 


the hydroxybenzoate 57. The ir spectrum of p)/ showed 
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absorptions at 1725 cm? (carbonyl) and 3400 cm 


(hydroxyl), 
indicating that the reaction had occurred as indicated above. 

Transesterification of rd with methanol, sodium 
methoxide catalyst, gave diol p8 quantitatively (ir: 3340 
cmt, broad), which was a colourless highly crystalline 
compound, Reaction of 58 with methanesulfonyl chloride in 
THF in the presence of triethylamine gave the dimesylate 
derivative 59, as yellow-brown crystals (mp 113°). The nmr 
spectrum of an, showed absorptions. at tT 2.76 “(bread ‘s, 4H: 
acomacic Procons),. 25.00. (m, 2H; methine: protons), 4.6. 92 
(s, 6H; methylsulfonate protons) and t 7.04 (m, 4H; propar- 
Gyl EC protons). 

Dimesylate 4 was the penultimate compound in 
this synthetic scheme leading to 3, 4-benz-1,5-bisdehydro- 
[10]annulene (22) - The next reaction was envisaged as a 
base-induced elimination of the mesylate groups to intro- 
duce the necessary double bonds. Several different bases 
were employed in this reaction. Representative of these 
are: potassium t-butoxide, 1,5-diazabicyclo[4.3.0]non-5- 
ene (DBN), lithio hexamethyldisilazane (LIN[Si(CH,) ].,), 
n-butyllithium, and sodium methoxide. In each case, in 
various solvent systems (protic and aprotic) the result 
was always the same. The only detectable product formed 


was anthracene (60) (<10% yield), along with large amounts 


of intractable tarry materials. 
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Lowering the temperature of the reaction to -30° 


= 
re --OMs 


did not change its course. (Much of the work on the elim- 
ination reaction was done in collaboration with Dr. S. 
Takada; ot thisslabordtory) hy 


Anthracene (60) (KE \e Lsenotwiisomeric to benz— 


14" f0 


bisdehydro[10] annulene (32) but contains two more 


(Cy 4He)s 
hydrogen atoms. When the dimesylate elimination was car- 
ried’ out “in THF-d,, with DBN as the base, there was about 
50% “incorporation iof \deutentum jiantoythe 9,,10—positions, of 
the product anthracene. The use of benzene as solvent gave 
trace amounts of a product whose mass spectrum (m/e = 256) 
suggested that it was a phenylanthracene (62). These 
results are readily accounted for, as, depicted in the fol- 


lowing scheme. 


The assumption implicit in this scheme (that the 
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desired product (32) was\-formed ,hiat ;least ‘trans atomzalily ) 
while being far from certain, is not unreasonable. Molec- 
ular models indicate that the in-plane m-orbitals of the 
acetylenic bonds of 22 are in close proximity;7° thus peer 
the energy gained by any tendency for electron delocaliza- 
tion around the 10-membered ring is small enough, collapse 
of the ring to the anthracen-9,10-diyl diradical (61) would 
not be energetically unfavourable. This process, as de- 
picted, offered a ready explanation for the results obtained 
(formation of 60 and 62), and suggested an alternate ap- 
proach to the bisdehydro[10]annulene system (32) which is 
described in the next chapter. Further discussion of these 


results is deferred to Chapter 5. 
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B. The 11-Membered Ring 
Concurrent to the work on the 10-membered ring, 
a synthesis of 3,4-benzcycloundeca-1,5-diyne-3,7,10-triene 


(36) was undertaken. As discussed earlier, loss of a 


hydride ion from 36 would give the potentially aromatic 
3,4-benz-1,5-bisdehydro[1ll]annulenyl cation (63). The 
synthesis was analogous to that of the 10-membered ring 
compound (see the previous section) and was based on the 
addition of a 5-carbon unit to o-diethynylbenzene (47). 
The 5-carbon unit chosen was cis-4,6-ditosyloxy- 


methyl-2-phenyl-1,3-dioxane (64). Again, the cyclization 
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reaction was to involve displacement of eae tosylate groups 
of 64 by the acetylenic dianion derived from Ad, thus form- 
ing the ll-membered ring. Hydrolysis of the benzylidene 
blocking group leads to a diol, which, on appropriate modi- 
fication, would permit the introduction of the requisite 
double bonds in 36. 

The stereochemical considerations for 64 are 
defined by the same analysis applied to ditosylate a0. In 
the case of 6A, however, the meso- configuration (as illus= 
trated) is best suited for the cyclization reaction to 
OCCUL.: 

The synthesis of ditosylate 64 was quite differ- 
ent from that of rQi the extra carbon atom had a rather 
profound effect, as is seen below. This synthesis was 
originally performed in collaboration with Dr. K. W. Shel- 
EON, (Cis CNUs. laboratory + 

Neat glutaryl dichloride (65) was brominated 
directly in the presence of a tungsten filament lamp, giv- 
ing the dibromide 66 . Methanolysis of 66 gave, in good 
yield, dimethyl 2,4-dibromoglutarate (67). Unfortunately, 
the two bromine atoms could not be hydrolysed to give the 
desired dihydroxyglutaric ester. This behaviour had been 
reported previously.’ Hydrolysis of 67 would give 2,4- 
dibromoglutaric acid (68), and hydrolysis of the two bro- 


mine atoms (by NaOH in aqueous methanol) led to the lactone 
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Vie ; : ; 
&2 . From our point of view, this lactone formation’ was 


an unfavourable circumstance. The difficulty arose in 
trying to convert oQwinto the desired) 2, 4—-dihydroxyglutaric 
acid ({0); the reverse reaction was by far the favoured 
process, and was catalysed by acid or base. Thus diacid 

49 had to be handled under conditions as mild and as nearly 
neutral as possible, 

This difficulty was overcome in the following 
manner: lactone 69 was titrated with aqueous NaOH; two 
mole equivalents of the base were absorbed, and thus, pre- 
sumably, the disodium salt of diacid 70 was formed. Pas- 
sage of this solution over an acidic cation exchange resin 
(Dowex 50WX8) gave a nearly neutral solution of the diacid 
(79), which was freeze-dried as rapidly as possible. With- 
out further purification, the residual crystalline diacid 
was esterified with diazomethane in methanol, to give the 
dimethyl 2,4-dihydroxyglutarate (71) in ca. 80% overall 
yield from the dibromide 67. Reaction of J} with benzal- 
dehyde in the presence of anhydrous, fused, ZnCl. gave the 


1,3-dioxane diester (Zé) as a mixture of isomers (Lea and 


dak) « 


It is reasonable to assume that the bulky phenyl 
group on compound 72 would assume an requatortal® “conitigu-— 
ration, as shown, in order to avoid non-bonded interactions. 


For the same reason, the carbomethoxy groups would also 


Bae i ry Rt Ss a7 Be 
ia a b- Oa 
J y = cay g - 
i 7 haw: a 
f f tf . rie ; 
7. : , i ¥ a 
‘ / ik jah 
\ i 
fe en ae : " : ; 1 a on rom 
Re " Wise i , j , ‘G “ax a aa t ; - a ye 7 ‘ f 
mi : ek bo at aN f nee ' ne ee bY, 
cl a i haus y 


ey ab. tbmmiod siibieer atts rsd cc , ae 
Te ab, acne ‘gomuones hy a ae cease a cabehyt 
x: iio ges tb yt hy ke Scab ane Osa oe 
ry . abana: etd - ses yc uy nih sega canis et, alg 
=) co) Some aa , seed 40 a Ass id tpt Sethe aie ale 4a 
: wis om i 1 ba oa br Si ssi’ Mires tba Pat vanche tha ae ry | 
| aNd, oo Tate 

stwo ltb4 Oe. x y Herre Ve ni RP tues? 2th aikalt | | 


crizs eRe paed ie dpa oe 8d oy a oe sks i's sce a sitet 


‘Yee ,autd bee \ectopents erew Saket eat! ie 2 emia 


* 
ry 
At 
oe 
“4 
€ 
re 
= 
Sy 
= 
re 
ad 
ivi 
DT 
w 
a 
= 
z 
4 


A Ate wets ‘oy sine pm oe 46 


“ina seme ge oes es ae ey rie: ew Waiseken, Bb g 

: | if Se Dy. a Jona 

bap sit “ag at pibsaer) Pkg! exec: Scien ‘J ike, (aR 3 
’ oer i . o bey a { i 7 glee ‘ de bid : ‘e. 

RAEW! «eke batigg aa ict Fe lik ypedalyeateaath i 


eek Snbiteseges, eas hit each std Bie atid eid i 


| wits 
ae 


tae 


ee atte iat steinenaaen B27 dures ciel nent helical 


‘Atenave: vee go — fs 45: 


a i Boag. Ae Saks ari varia’ 


1. | 
“Bee ab weacininak FC bated rj 


ae penn: sd3 Hsia Saead 


20% 


H Gull w 


css 2 


Poe eradhysequatorials position.)/In theaylditeferm of dA 
({2b) , one carbomethoxy group suffers non-bonded interac- 
tion with protons Hy and H.. This analysis would then pre- 
dict that the "meso" isomer, 12a, is the more stable form. 

The mixture of isomers of Lk was subjected to 
equilibration by NaOMe in methanol. As expected, the 
"meso" isomer ({2A) predominated, and could be obtained 
free of {2b by fractional recrystallization from methanol. 
Repetition of the equilibration-recrystallization proced- 
ure converted virtually all of the isomeric mixture into 
the desired (Za. 

The distinction between the two isomers was made 
in the following way. In both isomers, protons H, and H, 
are in different environments, and therefore are expected 
to resonate at different frequencies in the nmr spectrum 


of {z. However, in the "meso" isomer, protons Hy and Hy 
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should be identical as far as the nmr is concerned. The 
protons Hy (H,) and Hoy H, are in sufficiently different 
environments to allow a crude first-order analysis (that 


is, the chemical shift differences between H. and H H 


1h 


are much larger than the coupling constants Jy > and. J, 3) 
v ’ 


Thus the "meso" isomer (72Za) would be expected to exhibit 


Pp eas | 


a quartet (doublet of doublets) for the protons Hy and Hy. 
In fact, the nmr spectrum of the more stable isomer of d2 
shows a clear doublet of doublets centred on t 5.49 (2H) 


for the protons Hy and Hy. Coupling constants are assigned 


J = 4 and J = 10, on the assumption that the 
Te a pee: 
73 


Karplus relationship generally holds true in this system. 


as: 


dea also exhibits a multiplet (t 7.7-8.1, 2H) for protons 


Heeand and a sharp singlet (t 4.46, 1H) for the benzil- 


2 oY 
idene proton. 

The "dl" isomer was never obtained in a pure 
state, but the complexity of the nmr absorptions for pro- 
tons Hy and Hy (T5815 7 ) mu, eZee ond. H, and H (eens dO. On 
m, 2H) allowed the distinction between /ga and /2b. The 
position of the proton He of 7gb (t 4.07) compared to that 
of {RA (7446) also reflects. the: d@iterences: inethevcon— 
formations and stereochemistry of these two isomers. 

The diester Lee was reduced by lithium aluminum 


hydride tosche @daol 73, which was then converted into the 


desired "meso" ditosylate 64, a colourless, crystalline 
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compound (mp 135-137°). The ir spectrum of 64 showed peaks 
at 1600 em7> (phenyl ring) and 1350 om? (sulfonate esters). 
The nmr spectrum of 64 consisted of a quartet centred on 

t 2.50° (8H, tosylate aromatic protons); a broad-singlet at 
then 0 ASO phenyls protons) ta alsinglet) at'a 4.60, (2H, 
benzylidene proton); an unresolved doublet centred on T 

5.95 (6H, tosyloxymethyl protons and the protons adjacent 
to, the, ratoms)co'ansinglet atiit 7.62) (6H,.tosylate methyl 
GEOUpS) 7itand=tay complex; multrplet at 1 8..25-8.180) (2H, 


methylene protons). 
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The cyclization reaction of diethynylbenzene 


(47) with the ditosylate (64) was performed under the same 
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conditions as those used to form the 10-membered ring. 
mids, ne Grlithroisalt of cil was refluxed in dioxane with 
ditosylate 64 for about 100 hr. Chromatography on alumina 
with benzene eluent, gave the desired product Cia) in 5-8% 
wield, as colourless crystals (mp 253-254°) . The ir spec-— 
trum of {4 showed absorption at 2240 om7* for the acetyl- 
ene bonds and 1130 and 1025 cmt for the dioxane ring (C- 
oO). Theinmr spectrum of Wes exhibited lines at Tt 2.4-3.0 
ye on) fOr the aromatic protons» a singlet at 7 4.50 (1H) 
tor the benzylidene proton; a multiplet at t 5.40-5.9 (2H) 
for the methine protons; and a multiplet at tT 6.9-7.6 (6H) 
for the methylene protons. Compound 1A was exceedingly 
Stable, remaining unchanged in air at room temperature for 
over three years. 

ine yields for this formation of the Ll-menberea 
ring were consistently lower than those for the formation 
of the 10-membered ring, which is somewhat surprising in 
wrewrOtetie tact that. Virtual y no Sstrali a6 Involved san 
the product molecule Aas However, no intensive attempts 
were made at improving the result; the reactants could be 
made in quantity, so that the disappointing yield was not 
too great a hindrance to further pursuit of the synthetic 
scheme. 

The hydrolysis of 1,3-dioxanes generally pro- 


ceeds faster than hydrolysis of 1,3-dioxolane rings. 
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Thuspethe yw), 3=<dioxane ering in ie preved amenable to hydr- 
lysis (compare this to compound nA), which gave diol dR 
as icolourlessscrystals. (mp.193~-194°). .This diol, was «then 
converted into the ditosylate Og Amped Os177 S 5a) byathe 
action of toluenesulfonyl chloride in pyridine. Elimina- 
tion of the ditosylate moities by potassium t-butoxide 
gave, in 83% yield, hydrocarbon 20, the desired product. 
Compound 28 was a stable, colourless crystalline 
Cempoundns (Mp 7355-79<252),, -beingrunchangedwin airjatsroam 
temperature for at least two months. The uv spectrum 
showed maxima (cyclohexane) at 252 nm (ce = 36,000), 256.5 
(34,900), 264.5 (60,900). The mass spectrum (parent ion, 
m/e = 190.0761 (measured); calculated mass for CisHy9 P= 
£90.0771) -wastpacticularly heartening, for us, because the 
base peak occurred at m/e = 95, which was probably due to 
the doubly charged parent ion, indicating the willingness 


of the system to accept positive charge. 


The nmr spectrum of 36 in CDCl. proved quite 
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interesting (see figure 1). The aromatic einen showed 
as an AA"BB' multiplet (4H) centred on t 2.50. The vin- 
ylic protons showed as an apparent triplet of doublets (2H) 
centrediom ( '3).68)tand fadoubleti of doublets? \( 2H) ‘centred 
on t 4.05. The methylene protons (Ho and Ho) at S215. 347 
appeared as two groups of multiplets (2H) in the 1 6.4=7.5 
region. From the model, it is apparent that Hy lies within 
the deshielding region of the acetylenic bonds, and there- 
fore might be expected to resonate at a lower field than 
Ho 

Double irradiation experiments provided further 
PHeEOrmMat1on. Irnadiation at 7 3.68 (at =<15%) collapsed 
the methylene multiplet to an apparent AB quartet. The 
coupling constant oe ie = 12) sand chemicalgshifts re Tas: 


t, 6.63) were then available for the protons He and HL: 


b 


Irradiation at t 4.05 collapsed the methylene multiplet into 
two sets of multiplets, each appearing as a doublet of trip- 
Peco teh is sadeord then allowed assignment of coupling con- 
= 29... 5.2 adi = 10) cand chemical 


stants Sew eo ato one ed 


shifts lz SY sole n Ta 4.05) to the 'remaining protons, Hy and 
Ha+ Some long-range coupling between protons H, and Ho 
could be seen, but not measured accurately Pera 

A computer-simulated spectrum of hydrocarbon 38 was cal- 
culated on the basis of the above parameters. The calcu- 


lated spectrum reproduced the essential features of the 
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Olefinic and methylene absorptions of the experimentally 
determined (in CDCl.) spectrum of 20. 


The Hoe Hy coupling constant (J, = 12) indi- 


b 
7 
cates that the methylene carbon of Pico NOt Cistorted 
from a normal tetrahedral geometry, /? which is a reflec- 
tion of the unstrained nature of the molecule. More con- 


vincing evidence of this fact was obtained from temperature- 


dependent nmr studies on compound 36. 


Y 
| 
H 
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Hoy andi 
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. of 28 are in different magnetic envir- 
onments. Models indicate that the methylene carbon (Cg) 
16) capable of ‘conformational, -flippingee through, ~he ring, 
as illustrated, ~so° that the environments, of Ho and H,, are 
interchanged,’ Thus, if thélenergy.barrrer cor this f1tp- 
ping is low enough, heating the sample should collapse the 
Signals due to the Hoe Hy quartet to a simglets (— This 


would then imply a flexibility in the ring incompatible 


With a stramned structure. 
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Fig. 2: Temperature-dependent nmr spectrum of the C-9 
protons of hydrocarbon 36; double irradiation 
608 Hz. 
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iia methylcyclohexane-d, ,, with hexamethyldisil- 
ane (HMDS) as internal standard, the nmr spectrum of hydro- 
carbon 36, at 5°, exhibited absorptions for the aromatic 
PEOCONS (as, an AA" BB!) multiplet (t 2.5-3.0, -4H)+ for the 
Srefinic protons asa complex multiplet (1+ 3.8-6.4, 4H); 
Eheymethylene protons’ as a pair of multiplets (1 6.4-7.4, 
2H). Irradiation at 608 Hz from HMDS collapsed the methyl- 
ene multiplets to a virtual AB system (see figure 2) (Tt, 
= 6.63, Ue figs Roe es =—i2), Heating tiersampic. commode 
caused the AB quartet toucoalesce to two broad singlets. 
This temperature and frequency separation (12 Hz) corres- 


1 (act 


Penas coma rate of 'flippang’ at 60°: k = 92656 sec! 
~ 16.9 kcal/mole). Further heating to 75° caused the doub- 
let to coalesce to a broad singlet, corresponding to a rate: 


a1 + 


kes 20.0) slecs ehtAG = 416 <Sukcal/molle)na Heatingmturnther to 
ZO igavie.tes sexstor arbroadisi ng leticentredsonsimy <0 Sei mtne 
spectra were too complex to obtain accurate rate constants 
€asiily; however, the fact’ that coalescence of the AB multi- 
plet was achieved demonstrates the strain-free nature of 
hydrocarbon 20+ 

It should be emphasized that protons He and Hy 
are actually passing through the ring, if the geometry of 


the molecular model (Dreiding) is a true reflection of the 


actual molecule. The relevance of this point will be fur- 


ther discussed in Chapter 5. 
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Hydrocarbon a could not be induced to surrender 
a hydride ion to yield a stable cation (63). Treatment of 
x® with trityl fluoroborate gave only intractable tarry 
material, although the formation of small amounts of tri- 
phenylmethane was evident in the nmr spectrum of the reac- 


ClVonvumixtures (CDACN solvent). 


3 
The mononitro-triaryl methyl fluoroborate Be was 


synthesized in a routine manner. The nitro-group should 


Ad 


destabilize the trityl cation, making this compound a bet- 
ter hydride’ abstractor, and the deuterated phenyl rings 
considerably simplified the nmr spectrum of a reaction mix- 
ture containing 36 and {/. No peaks attributable to the 
desired product cation 63 could be detected in the nmr 
Spectrum of SUCh.a mixture in the range 7 =10 >to 7.720. 

In hopes of generating compound 18, a tropone 
analogue of 36, hydrocarbon 36 was treated with Seo. under 

15 


various conditions. Those conditions strong enough to 


effect any reaction at all resulted in total destruction 
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of the starting material (36) Giving only tarry material 
es proaquct. Nor coulda the hydrocarbon 26 be induced to 
react with N-bromosuccinimide, to give the bromide 9. 

A discussion of all these results is presented 


a Chapter <5, 
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CHAPTER, 3 


' SYNTHETIC APPROACHES TO A TETRAMETHYLENEBISDEHYDRO- 


[10] ANNULENE 


A. The 10-Membered Ring 

Substitution of one double bond in a polyenic 
System by incorporating it in a fused benzene ring often 
stabilizes that system by lowering its reactivity. One 
example of this phenomenon is the difference in stability 


between fYans;(cis) —-[10]annulene OS Gs 


(stable only be- 
low -40°) and its tribenz-derivative (27), (stable up to 
100%)" Compound 24 isomerizes thermally’? BO trans—9 ,10— 
dihydronaphthalene. ©? inorder for Rd, to undergo isuchiaa 
rearrangement, the aromatic configuration of a benzene 


ring must be destroyed, thus increasing the energy barrier 


for the reaction. 


(9) 


aa ad 


On the other hand, fusing a benzene ring to an 
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aromatic annulene system can dramatically change the aro- 
matic properties of the annulene, and in some cases, desta- 
bilize considerably the aromatic nucleus. Sondheimer has 
synthesized compound 80, a tribenz-derivative of. tride- 


hydro[18] annulene (8). The 18-membered ring of 89 does not 


Niel Bh 


show evidence of a diamagnetic ring current, although the 
parent compound doeseae Compound 8] is a benz-fused deri- 
vative of 1,6-methano[10] annulene (Z6a) » which is a stable, 
10 m-electron aromatic system, Hydrocarbon 81 is an un- 
known compound, in spite of attempts at synthesis by E. 


Vogel and Sena 


These considerations suggested that the fused 
benzene ring of 3,4-benz-1,5-bisdehydro[10]annulene (35) 
may disrupt the 10 m-electron system to such a degree that 


the isolation of 35 was not possible. Thus the parent com- 
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pound, or a suitable derivative, might yield to synthesis. 
Sondheimer had reported in a preliminary commun- 


ication the synthesis of 1,2-diethynylcyclohexene Gag? 
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This compound (82) offers two advantages in a synthesis of 
a bisdehydro[10]annulene over the 1,2-diethynylethylene 

(82) necessary for construction of the parent compound (32). 
In the first place, the 6-membered ring of 82 ensures that 
the two, acetylenic groups fare held in a cis-contiguration 
and yet the 4-carbon bridge should not significantly affect 
therdelocalization of the double bond anto a 10-etectron 
system. Secondly, the synthesis of 82 appeared less tedi- 
ous than that of 83. (This latter synthesis necessitates 


separation of double-bond isomers. 294 A stereospecific 


synthesis of 83 was Pater reported, °9 but wee otdenor 
appear amenable to large-scale manipulation.) We thus 
embarked on a synthesis of 3,4-tetramethylenebisdehydro- 


[10] annulene (37). The synthetic route was modelled on 


the approach described for the 3,4-benz-fused molecule (35) . 
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Our synthesis of 1,2-diethynylcyclohexene (82) 
followed the reported brief outline,” After experimental 
procedures had been worked out, Sondheimer published full 
details! of: his synthesis, °+ which differed from ours mostly 
in reaction workup procedures. There were no major dif- 


ferences. 
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Condensation of cyclohexanone (84) with ethyl 
formate in the presence of sodium methoxide gave the 
hydroxymethylene derivative (85), the hydroxyl group of 
which was blocked by reaction with 2-iodopropane in the 
presence of K,CO3 to yield the 2-isopropyloxymethylene- 
cyclohexanone (86). Reaction of 86 with lithium acetylide 
ethylenediamine conplese - followed by mild acid hydroly- 


Sisl gave, on sublimation and @recrystaliazation,. the 1- 


ethynylcyclohexene-2-carboxaldehyde (87) (mp 47-49°) in 
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ca 50% yield. This compound showed ir abs OnEDOnE at 3230 
em7> (acetylenic hydrogen), 2080 em? (acetylene bond) and 
1672 cm? (conjugated carbonyl); the nmr spectrum exhibited 
peaks (among others) at 1 6.58 (s, 1H; acetylenic proton) 
andet §=0 , 02: 0(S) iis aldehydic! proten)-7> The presence-of 
the aldehyde and acetylene functional groups was thus 
assured, 

Reaction of 8{ with chloromethylenetriphenyl- 
phosphorane Wittig reagent?” gaveliaincaiostuyreld, the 
chlorovinyl compound 88, as a mixture of cis- and trans- 
esOmeua (Cal :3))) Mine winylic Lregilontot theunmirmspectrum 
of 88 showed an AB quartet centred on T ene (JB = 14) 
for the. trans— isomer; another AB quartet Gentred 10n as 


Std SOT = 8) was assigned to the cis-isomer. The mix- 


A,B 
ture of compound 88 isomers was isolated by vacuum distil- 
Vation» (bp 46—-47° at 0.05 mm Hg); it was a;colourless to 
pale yellow liquid, which showed some tendency to polymer- 
Paef but was not foverly difficult tovhandle. «<Sondheimexn's 
group isolated 88 by chromatography on silicic Bcilae Ete 
appeared as though 88 isolated in this manner was far less 
Stable than that isolated by distillation, possibly because 
of the presence of trace amounts of acid picked up on the 
column. 


The chlorovinyl compound (88) was dehydrochlor- 


inated by the action of sodium amide in liquid ammonia, to 
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give the desired 1, 2-diethynylcyclohexene (82) in ca 65% 
Vieldvatter -distillation=(bp 2/eeated.1 mm Ho )-tas a col= 
ourless liquid. Pure 82 froze at ca 10°. Exposure to air 
turned 82 a red-brown colour. 82 absorbed in the ir at 
3360 em? (acetylenic hydrogen) and 2130 om7* (mono-substi- 
Gute -acetywenic bond)<«r™Lhe nmr spectrum of 82 was very 
clean, with absorptions at t 8.35 (m, 4H; homoallylic 
methylene protons); t 7°78 (m, 4H; allylic methylene pro- 
Tons); and t 67898 (sharp s} 2H; acetylenic protons), 

From this point on, the approach to tetramethyl- 
enebisdehydro[10] annulene (27) was exactly analogous to the 
approach to the benz-fused system (35). Thus, reaction of 
the dilithio salt,of 82 with the ditosylate (29) in reflux- 
ingudioxane jfor)ca 100, hr gave the desired «L0-membered ring 
benzylidene derivative, 82, in ca 10% yield, as colourless 
enysta lsh (mpwl 54 15-155 35°). 

The nmr spectrum of 82 Showed absorptions at T 
Svein AeA aor aSsin (ys 4H)efandeao be2d tG07 4H) “fomptic 
three,kinds,-of methylene protons’ present; 17.5276 (mre2H) 
for the protons on the 10-membered ring adjacent to the 


oxygen atoms; 1 4.19 (s, 1H) -for the benzylidene proton 


and t 2.64 (m, 5H) for the aromatic protons. In the mass 
Spectrum, 89 had a molecular ion at m/e = 304 (calculated 
Mass efor sCs H.Y.O 304.1463; measured, m/e = 304.1467). 
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Reaction of 82 Weil thiwier ty £luoroborate >» as a 


suspension in CH,CN gave a dark red-brown solution, which, 


3 
on hydrolysis with pH 7 buffer solution, followed by chro- 
Matography on silicic acid gave as pale yellow crystals 
(mp 145°, dec.) the hydroxy-benzoate 20. Compound 20 
Showed ir absorptions at 3520, 2195 and 1720 cm7+ for the 
hydroxyl, acetylenic and ester functional groups, respec-— 
tively. Methanolysis of 20 with sodium methoxide in meth- 
anol gave the diol 9] as colourless platelets (chars at 
100°) (ir 3880 oe hydroxyl groups; 2198 cmt, disubsti- 
tuted acetylene). No carbonyl absorption was seen in the 


ir spectrum of 9]. Reaction of this diol with methanesul- 


fonyl chloride and triethylamine in THF gave the dimesylate 
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24 aS a colourless glass, which was ne CaS at room tem- 
perature in air. After two weeks at -30°, re Was partially 
erystalline,; but no melting point was obtainable. The ir 
spectrum of 22 showed strong absorption at 1340 and 1169 
cm? for the, sultonate.esters, ands=a-singlet at. rt 6.92 (6H) 


in the nmr spectrum for the sulfonyl methyl protons. 
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Elimination of the dimesylate functions of 22 by 
strong base (KOt-Bu, LiN[Si(CH,)3].,, DBN) in aprotic media 
(e..geye tlie Gave ismallwamounts, (ca, 1-53. yield) of 1,2,3;,4- 
tetrahydroanthracene (93), and large amounts Of intractable 
tars... chisi.situation,was, reminiscent..of the elimination 
reaction of dimesylate 59 in the benz-fused series of com- 
pounds, which yielded anthracene (see Chapter 2). 

However, treatment of 22 with 2 mole equivalents 
of sodium methoxide in a methanol-THF mixture gave, in 30- 
40% yield, a new hydrocarbon (94) as colourless crystals 


(mp 73.0-74.5°); calculated mass £Or Ci ghia: 180.0939; 
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found, m/e = 180.0937 (base peak in the mass spectrum). 
Tetrahydroanthracene (23, C348 4) was also formed in this 


reaction’ (20-30% yield)% 


Catalytic hydrogenation of 2A over Rh at Pe0gee 


and then over Pto, in acetic acid afforded in 85% yield 


awbacyelac Compound; =Cc which was identical with 


14%26! 
bicyclo[8.4.0]tetradecane, prepared in an unambiguous man- 
ner (see below). The proton signals in the low-field nmr 
Spectrum of Ree constituted an AA'BB' system (t 2.80 and 


Zerooe F 72 57CI 0.0) and 


A,B A,B! 
additional signals appeared at t 7.82 (m, 4H) and t 8.04 


Lee, Ji 8.8, 


B,B! At Be 


(m,e4H)2°"The uve spectrum of oe showed absorption maxima: 
nas (ey clonexane) 223 nm (loge 4.61), 234° (47385), 262 
Coo Oo) eo 3293) 276 C389)", £290 (256) Pande 5257.2. 2a, 

This information and the synthetic scheme were 
compatible with assigning the desired structure-~3,4- 
tetramethylene~-1,5-bisdehydro[10]annulene (37)--to the 
hydrocarbon 94. However, some doubt was cast upon this 
assignment in comparing these data with those obtained in 
our previous work. 

We had obtained, from the benz-fused series of 
compounds, molecules containing the o-diethynylbenzene 
moiety incorporated into a 10-membered ring (see Chapter 


2). All of these intermediates containing the o-diethynyl- 


benzene system had uv spectra similar to that of 94. This 
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opened up ‘the possibility” that re Was not the desired 
structure, ade but rather 3,4-benzcyclodec-3-ene-1,5-diyne, 
an isomer of 37. Because chemical and spectral data could 
not differentiate rigorously between these two possibili- 
ties (the results of catalytic hydrogenation under various 
conditions were inconclusive) and because 3,4-benzcyclodec- 
3-ene-1,5-diyne could not be synthesized directly from o- 
diethynylbenzene and 1,4-dibromobutane, an x-ray analysis 
of 24 was undertaken by Professor M. J. Bennett and Mr. R. 
Smith of this department. Some problem of disorder was 
presented, but the main features were those of the unde- 
Sired isomer, and not the desired tetramethylenebisdehydro- 


[10] annulene (3h re 


\ 


aa 


The formation of 24 can most readvily,. 1f noc 
uniquely, be explained by considering the resonance forms 
of the bisdehydro[10]annulene (37a and Bib). A "Cope-like" 
rearrangement of the in-plane 1- and o-electrons, as de- 
picted (37h), would lead directly to 24. The distance (or 
interaction) between the in-plane m-electrons of structure 
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ecular models indicate that not a large difference in the 


strain of the two 10-membered rings exists. Thus, if the 


xt) -C: 
=_ 7 = 
RAR R 


ow, 
aR * 


ao \\\ 


rearrangement does occur as shown, then one can conclude 
that any stability associated with the 10 m-electron system 
of 34 is at most comparable with that associated with benz- 
ene, 

Considering again the benz-fused bisdehydro[10]- 
annulene (22) 4 a "Cope-like" rearrangement would lead to 


degenerate isomerization, as depicted below. 
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Likewise, a similar synthetic approach to the 
parent hydrocarbon (32) might be expected to give O-dlethyn=— 
ylbenzene (47), ironically enough, the starting point in 
our studies of the 1,5-bisdehydro[10]annulene system. 

The origin of the 1,2,3,4-tetrahydroanthracene 
(23) from the dimesylate ake is as pointed out earlier, 
comparable to the formation of anthracene (69) from dimesyl- 
ate »2. Thus, it is postulated that transitory formation 
of 37% can lead to diradical yer Which abstracts two pro- 


tons to form 93. A discussion of this, and the formation 


Se : 
oo Loe 
=_f 
Rd RR, an 


of 94 is presented more fully an Chapter 5. 

A very brief description of the synthesis of bi- 
cyclo[8.4.0]tetradecane, mentioned previously, is presented 
below (see the Experimental section for details). The 
route chosen was somewhat lengthy, but yields were good at 
each step, and no difficulties were encountered. 

Hydrogenation of diester 4] (previously described) 
followed by hydrolysis of the ester groups gave the diacid 


(96) as colourless needles (pis 0-2 o>) 2 Ane Arndt 
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Eistert bishomologation®? gave the diester al (bp 80-85° 
at O.Jemn Hoy (calculated mass. tor Cy gongs 21 LSD, 
found m/es— 276.1518) .,7) Diester 2d, was converted into the 
acyloin 98 (mp 93-94°) (ir; 3520 and 1705 cm") by the 
ACELON. Of Sodium in. reftluxing.xylene. ‘The lacyioin 28 was 
acetylated by acetic anhydride in pyridine, and the acetyl 


group was then removed by reaction with calcium in liquid 


ammonia, °° to give the 10-membered ring ketone 99 as a 
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colourless liquid (bp ca 70° at 0.08 mm Hg), which showed 


carbonyl absorption in the ir spectrum at 1702 cine, 


Wolff-Kishner Peduceton's 


of ketone 29 gave the hydrocar- 
pone oY ase a, colourless liquid’ (bp; cav50°* ats 034" myo). 
Compound 100 showed no carbonyl absorption in its ir spec- 
trum, and was homogeneous to glpc on various columns (UC- 
W98, Reoplex, Carbowax). Hydrogenation of 100 over Pto, 


in acetic acid gave a cis-,trans- mixture (ca 5:1) of bi- 


cyclo[8.4.0]tetradecane (101) (mass spectrum: m/e = 194). 


B. The 11-Membered Ring 

For the same reasons that the synthesis of 3,4- 
tetramethylene-1,5-bisdehydro[10]annulene (37) was under- 
taken, it seemed wise to synthesize 3,4-tetramethylene- 
cycloundeca-1,5-diyne-3,7,10-triene (38) in hopes that it 


would easily surrender a hydride ion to form the cation 02. 


Because the synthesis of the benz-fused analogue 
of we had been successful, the synthesis of 28 itself was 


in exact analogy to it. The stereochemical considerations 
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LOrethes (5<-Carbon unit. to be added. to Iaicas Na pte lero 
hexene (82) were identical in each synthetic scheme, and 

thus ditosylate 64 was again employed (see Chapter 2). The 
synthesis of hydrocarbon 28 was done in collaboration with 


Doewece. U, Kim Of Our laboratory. 
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Condensation of the dilithio salt of 1,2-diethyn- 
ylcyclohexene (82) with the ditosylate (64) an rerluxing 
dioxane (ca 100 hr) gave, it capmeny eld). che ldesired@ it. 
membered ring benzilidene derivative (103) as a colourless 
crystalline compound (mp 215-217°, dec). Compound 103 
showed absorptions in its nmr spectrum at T S09 Olt, an) 


and. 49 7.0=-e.0°.(m,° 4H) for’ the 6-membered ring methylene 
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protons, and Tt 7.0-7.5 (m, 6H) for the remaining methylene 
protons. The 1ll-membered ring protons adjacent to the 
Oxygen atoms~absorbed at 1 5.8-6.38(m, 2H). -’he benzyli- 
dene proton appeared as a singlet at t 4.60 (1H) and the 
anomatuc- protons *asva multiplet (5H) at 1225-370. 

Hydrolysis of compound 103 by mild acid led 
directly to the diol LO4 (mp 184-185°), which was converted 
into its dimesylate derivative (105) in the usual way. 
Dimesylate 02 was a colourless glass which could not be 
induced to crystallize. The methylsulfonate protons res- 
onated at t 6.90 as a sharp singlet (6H) in the nmr spec- 
trum of 10>. 

Blimination (by DBN) of the mesylate groups of 
105 gave, in 70% yield, the desired hydrocarbon (38) as 
colourless platelets (mp 46-48°). Calculated mass for 
CicHy ys 194.1096; found, m/e = 194.1090. The nmr spectrum 
showed peaks at t 8.0-8.5 (m, 4H) for the homoallylic 
methylene protons; «.7.0-7.7 (m, 6H) for the allylicemetn— 
ylene and the C-9 methylene protons; t 3.7-4.3 (m, 4H) for 
the olefinic protons. 

The similarities between the syntheses of 28 and 
its benz-analogue (38) are obvious. Unhappily, the simi- 
larities extended one step further. Treatment of 28 with 


Ceety. Picceeeorare im CH,CN gave no detectable products, 


and large amounts of intractable tars. No starting mater- 
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ial (38) could be recovered from such reaction mixtures. 
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A ldiscussion- of this result is qiven in, Chapter 
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CHAPTER 4 


'A THIRD GENERAL APPROACH 


If, as was briefly discussed in Chapter 3, a 
"Cope-like" rearrangement is responsible for the formation 
of compound ga from 37, then a means of preventing this 


type of reaction can be visualized. 
a = 
——— 
Sa = 
rd 
pn ae ——— 
nt ? = = 
aes 
———— a = 
—,, —_—. eel 
ARR ARA 


Consider the effect of replacing the tetramethyl- 
ene-bridge in hydrocarbon 37 with a 3-carbon bridge (106). 
Rearrangement of compound 106 would lead to the hydrocarbon 
OJ, which contains two acetylenic bonds and (formally) a 
double bond in a 9-membered ring. Molecular models indi- 
cate that such an array would be impossibly strained (in- 


deed, the Dreiding model of LOZ cannot be built using "nor- 


mal" bond lengths and angles). This introduction of so 


ef 363 aed wh beebnide aih “ele ka: em Bae 
. . ae Pies i OR agit a” Aare) i. 
aotderrra? ‘bale wen oidianonest st suai 
atdg: idiot $osuaed, * chests 6 ao 
| re bias hanes on nee 
yo. tek ewes ou}: bhé “2 aber oe | sat 
7 ial erste pep. Exot pats at apres 
mas ia mae) boitikey s shegbee Pavia a ef bien 
| A ‘or ymier, ome Lid Sa. Jane sity cca _ 


Se Ko ema ioahdgenidine |e 


Tae 


80. 


much strain would then raise the energy goes of a "Cope- 
like" rearrangement to a level that would possibly prevent 
Baewseact Ons from .OCccuEringeatead.. 

There.is,.of scourse,, an-alternate mode sof decom-— 
position open to a (hypothetical) compound 106. Formation 


of diradical 108 (in the same manner as was postulated for 


2 —~COCO-C 


the formation of tetrahydroanthracene (93) from 31) would 


Lae 


lead, via abstraction of convenient species, to trimethyl- 
ene-brrdged Naphthalene denivatives: (e.¢;. i102). However, 
molecular models of compound 106 indicate that inclusion 
of the cyclopentenyl double bond (in 106) results inthe 
Spreading of the distance, between, the carbons C-l and CG, 
which would lower the in-plane interaction of the tT-electron 
elouds, thus lowering the, tendency Of this molecule. tourorn 
diradical 208. Such an analysis, by its hypothetical nature, 
is somewhat oversimple, but at least incorporation of a 
cyclopentenyl double bond into the 10-membered ring is 
indicated to be a favourahle circumstance. 

Again, the synthetic plan of previous approaches 


was adopted in this third attempt at making a bisdehydro- 
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([lOJannulene derivative. Therefore a synthesis of 1,2- 

diethynylcyclopentene (110) was undertaken, based on the 

method of synthesizing 1,2-diethynylcyclohexene (82). 
Condensation of cyclopentanone (Ai1) with ethyl 


formate proceeded in only fair yields (35-40%) to give 2- 


LAA, LAR, | ie 
oC of 
CHO 


149 Lh4 


hydroxymethylenecyclopentanone (li2), the hydroxyl group of 
which was blocked by reaction with 2-iodopropane to give in 
good yields, compound iis. Reaction of AL3 with lithium 
acetylide ethylenediamine complex, followed by mild acid 
hydrolysis, gave. only poor, yields,(8-10%) of the desired 
acetylenic aldehyde (114). The lithium acetylide ethylene- 
diamine reaction, with cyclopentanone, 1tself reportedly goes 
in good yields. °* The, reason wore thes tal lure.o Fen icereac— 
tion on compound A132 is not immediately apparent. It may 


be due to self-condensation of 113 (with the lithium acetyl- 


ide acting as base). 
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At this point, the proposed synthesis Of BZ 
diethynylcyclopentene (110) included two poor steps, making 
the synthesis of a bisdehydro[10]annulene derivative a dim 
prospect, especially in consideration of the low expected 
mien of the cychization reaction. However, ifpindeed the 
failure of the lithium acetylide reaction was due to the 
acidity of the protons a- to the cyclopentanone carbonyl 
in compound ii2, then lowering the acidity of these protons 
might well improve the situation. Enolization of a norbor- 
nanone derivative would involve a double bond at the bridge- 
head of a small ring-containing bicyclic compound, thus 
violating Bredt's rule. The target molecule was therefore 
Changed to 2,3-diethynylnorbornene (115), which satisfied 
all of the requirements for this third approach to a bis- 
dehydro[l0Jannulene derivative. 

The synthesis of iis paralleled that of 2— 
diethynylcyclohexene (82), but daftfered significantly. in 


one aspect. 2-Norbornanone ( ) was converted via its 


116 

QUAN) 

hydroxymethylene derivative (117) to the 3-isopropyloxy- 

methylenenorbornanone (118). This compound’ did not! react 

cleanly with lithium acetylide ethylenediamine complex, 

resulting in poor yields of the desired acetylenic alde- 

hyde (120). The reason for this is obscure; the most ob- 
aVaviat 


vious explanation is) that steric hindrances berweem ithe 


methylene bridge and the approaching nucleophile was re- 
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sponsible for the low yield. 

However, reaction of 2.18 with sodium acetylide 
in liquid ammonia gave good yields of the acetylenic alco- 
hol (112), which, on acid hydrolysis, was smoothly converted 
into the desired acetylenic aldehyde (120). (This reaction 
sequence was originally performed by Dr. K. Abé of this 
Laporavory).. Compound 129 was an unstable. yellow crystal- 
line compound (mp ca 25°) which showed ir absorption for 
the aldehyde carbonyl at 1725 cm7+, The nmr spectrum of 
120 showed sharp singlets at 1 0708 and 7 6.18 for the 
aldehydic and acetylenic protons, respectively. 

Reaction of 129 with the chloromethylenephosphor- 


anes gave reasonable yields (ca 502%) of the chlorovinyl 
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compound 121, as a mixture of isomers. vp yh was an unstable 
liquid. The acetylenic proton absorption in the nmr spec- 
trum of 121 showed as an unsymmetrical doublet (1H) cen- 
tred on T 6.54, reflecting a difference of magnetic envir- 
onments for the acetylenic protons of the cis- and trans- 
double bond isomers of Leh- The vinylic protons absorbed 
ace es .0—=441.:(m,.4H).. 

Dehydrochlorination of Agi by the action of sod- 
ium amide in liquid ammonia gave, in 75% yield, 2,3-diethyn- 
ylnorbornene (Lip) as a colourless liquid, isolated by vac-~ 
uum distillation (25° at 0:1.mm Hg) onto a dry-ice cooled 
cold-finger. Compound iin was unstable in air, turning 
red-brown, with a marked increase in viscosity. The ir 
spectrum of 115 showed absorptions at 3300 and 2100 ane 
indicating the presence of the acetylene groups. The nmr 
spectrum of J]5 showed peaks at Tt 8.0-9.0 (my.46GH)e fongthe 
methylene protons;.t 6.92. (m, 2H) for the bridgehead. pro- 
Eons «1 6.45. (s,s 2H) for the acetylenic protons’ 

Reaction of both o-diethynylbenzene Wate and 1) :2= 
diethynylcyclohexene (82) with n-butyllithium in dioxane 
produced white precipitates, which presumably were the 
respective dilithio salts of 47 and 82. However, diethyn- 
ylnorbornene (115) produced. no such precipitate, even aticer 
the solution was heated at 60°. That the dilithio salt 


had formed was evident from the evolution of a gas (pre- 
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sumably butane) on admixture of the pears caenes and i= 
butyllithium., Apparently dilithio diethynylnorbornene is 
soluble in dioxane. 

The cyclization reaction between ALS and the 
ditosylate »0 failed completely, with no identifiable 
products being produced. Many different solvents, reaction 
times and reaction temperatures were tried, with no suc- 
Cecs. © Ret fuxtng=the dilithio salt of AL? in*dioxane for 
24 hr completely destroyed the acetylenic compound. It 
was apparent, therefore, that the prolonged heating that 
is necessary to effect cyclization may destroy the start- 
Poe mater tole at "a= rave whiten ise £oO- last’ forthe cyctaza- 
tion reaction to be competitive. Models of Jj5 indicate 
that the separation between the two acetylenic groups (4.7 
A) is greater than in, say, diethynylcyclohexene (82) (4.1 
A). Thus, compound 115 may surpass the geometric limits 


needed forsthis type of cyclization to*occur. In any case, 
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a synthetic approach to hydrocarbon 122 must somehow cir- 


cumvent any step like that just described. 
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CHAPTER 5 
' AN ASSESSMENT 


A. The 10-Membered Ring 

A synthesis of a bisdehydro[10]annulene system 
has been a challenge for some years now, and considerable 
effort has been expended to solve this problem, 72763169 
The impediments offered by the interaction of the in-plane 
wm-electrons are severe; however, to some extent the chem- 
istry resulting from this interaction is now understood. 


There was recently publishea?® a study of the 


thermolysis of 1,2-diethynylethylene (83). This study 
HAD) 
ag : S 
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| < ert (D) 
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SS ° a 
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a3) | 83 


was centred around elucidating the properties of the 1,4- 
benzenediyl radical (122) - Heating 83-1,6-d, BOzuO. 


resulted in scrambling of the label to give 83-3,4-d,, with 
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no evidence of any unsymmetrically substituted isomers. 
Pyrolysis of 83 in hydrocarbon solvent produced benzene 

Cr) tat, therexpensesof 83. In toluene, diphenylmethane is 
produced. Using CCl, as solvent gives 1,4-dichlorobenzene. 
Thus the transitory existence of the diradical seems secure. 
The activation enthalpy for the reaction was estimated: 


AH == 32 kcal/mole. 


= SNS a 
SS ZA = , 
RR, an 


an 


Both compounds 39 and 2d formally -1ncorporace 
the diethynylethylene molecule, although this system would 
be considerably strained, and probably distorted to some 


extent because of its incorporation into the 10-membered 
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ring. This strain is such that reaction £0 form the respec- 
tive diradicals (61 and ar) should be facilitated, relative 
to the reaction not involving the ring system. 

Consider first 3,4-benz-1,5-bisdehydro[10] annul- 
ene (35). The diradical that is presumably formed is a 
dibenz-derivative of the 1,4-benzenediyl radical, and thus, 
is expected to behave in a similar fashion. In deuterated 
solvents at -30°, some 9,10-dideuteroanthracene (60) was 
formed, as mentioned previously. In benzene, there is some 
evidence (mass spectrum, m/e = 256) that a phenylanthra- 
cene is also formed. Thus, it is apparent that “the in- 
plane W-tnceraction 15) severe enough thace the energy sbar-— 
PicracoLproduce 61 is overcome Wirth faciiity,, and. antiza— 
cene or its derivatives are the only detectable products. 
A "Cope-like" rearrangement in this system is degenerate, 
and therefore the formation of anthracene is again favoured, 
in that an alternate route of decomposition of ae LSenoL 
available. 

The 3,4-tetramethylene-1,5-bisdehydro[10]annulene 
(37) case is more complex, and therefore more interesting, 
but is completely analogous to the benz-substituted com- 
pound. The yield of identifiable products (93 and 24) is 
considerably greater, however, and as such, processes in 
some ways different from the benz-fused case may be in- 


volved. Three routes of decomposition of ad may be con- 
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sidered, as depicted on the preceeding page. 

Route 1 involves the isomerization of the tetra- 
methylene[10]annulene (37) to hydrocarbon 24, followed by 
collapse to the diradical (27) ane then proton) abstraction 
to form the anthracene derivative Ame DES LOULe  cangibe 
excluded as a possible mechanism. Hydrocarbon 24 terms the 
anthracene derivative (J,), Only at higher temperatures, and 
has a half-life of ca 2 hr at 140° (methylcyclohexane; 
Sealed tube)» »-.Comparing. these conditions to those under 
which 22 is formed in the elimination reaction suggests 
that 94 cannot be the precursor to Qo 

The second route offers somewhat more promise; 
the bisdehydro[1l0]annulene derivative (37) collapses to 
form the diradical (95) which then either forms 23 or QA. 
However, these two products are formed in comparable amounts, 
and thus the energy barrier for their formation from the 
Giradical should be about the same in each case. Bond 
reorganization to form hydrocarbon ae (Erom daiiradical 22) 
involves the introduction of strain, whereas, formation of 
the anthracene derivative (93) involves norstrain at, alls. 
Moreover, product 24 has less resonance energy than 23. 
Indeed, the only barrier to form the anthracene derivative 
(23) 46 jim the abstraction of protons from whatever source 
is available. Both THF and MeOH, co-solvents for the elim- 


ination reaction. of .dimesylate 22 are ready hydrogen sources, 
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and thus, this energy barrier is low. Route 2, therefore, 
is tenuous at best. There is little reason to suppose it 
is operational, when compared to route 3. 

This latter pathway gives the tetramethylenebis- 
dehydro[10] annulene (37) two destructive alternatives. One 
is the "Cope-like" rearrangement to form hydrocarbon 24 
directiy;sthe other is. direct formation”of therediradiucal 
g20 followed by hydrogen abstraction. Such a route would 
Suggest that the two rearrangements are of comparable en- 
ergy. The first ("Cope-like") might be expected to have 
relatively low energy, because of the proximity and rela- 
tive positions of the relevant orbitals (all are in-plane), 
which are ideally disposed for this sort of bond reorganiz-— 
ation. Relief of ground-state strain is also a favourable 
factor. The ease with which hydrocarbon 24 LS formed: (<0) 
suggests that a low energy process is indeed involved. The 
same types of conditions are also favourable for the dirad- 
ical (95) formation, even though the result is a high energy 
species. That the 3,4-benz-1,5-bisdehydro[10] annulene (35) 
showed no tendency to survive Supports the fact that decom— 
position through the diradical species is not energetically 
unfavourable. Thus it seems that of the three alternatives 
for the destruction of she the last route (#3) is the most 
likely to be occurring. 


In the foregoing discussion, several assumptions 
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have been made. One is that the ahs dive te oaRGUIHE system 
has been formed at all, even as a transient species. Only 
indirect evidence supports this claim. The monomesylate 
AeA, the product of elimination of one mesylate moiety from 


compound ret has been isolated, and it showed reasonable 
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Sead  DaASLOse LIM nat oOn.Oor 124 again gave only anthra- 
Cenc cos thee products 2his. Suggests wheal 2 moltevequivalents 
of base are required for hydrocarbon formation. Secondly, 
presence of the diene unit in the 10-membered ring would 
promote the rearrangements (for instance, to form hydrocar- 
bon 2A Orn the. dirvadical 22) by providing an aromatic system 
ine the progucts «thus: fac Witaring. Phe sreact tons maAgas nea lc 
ease with which these products are apparently formed sup- 
ports the fact that the bisdehydro[10]Jannulenes have at 
least transient existence. 

Another assumptiom 1s that; in tChestetramethy]— 
ene-bridged case (37), a diradical intermediate is involved 
in the rearrangement of 24 to the anthracene derivative (93). 


There is an alternate explanation. The bisdehydro[10]annul- 
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ene system may abstract two hydrogens in a concerted fash- 


ion, to give the intermediate diallenic compound Len! which, 


LAR an 


ROUTE 4 


as has been predicted, /? would be very susceptible to ther- 
mal isomerization to the anthracene derivative (93). Such 
a postulate is aesthetically pleasing, but there is no evi- 
dence to suggest that it is valid. Indeed, intervention of 
a diradical species in the benz-fused case (35) is strongly 
indicated, thereby disfavouring this process. As far as 
the tetramethylene-bridged system is concerned, however, 
this process cannot be rigorously excluded. 

Compound Lae has been synthesized, and shows rea- 


sonable stability. °? It is certainly more strained than 
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the bisdehydro[l0]annulene system, to the point of con- 


39 Lecis “also “a2 17= 


taining "bent" acetylene bonds. 
electron system, and thus should possess no resonance sta- 
bilization. The one favourable factor which may account 
formtnenstabislityveaof LRO» relative to, say, Ree is that 
there are no readily available pathways by which this sys- 
tem can decompose. Formation of radical species (e.g. 127 
and 128) in a fashion analogous to the bisdehydro[10] annul- 


ene system, leads to products that are clearly disfavoured, 


if not impossible. 


2 a 


The tendency of this compound to polymerize how- 


evertise completely intvaccordewith the instability“ orr the 


bisdehydro[10]annulene system. 


B, The 11-Membered Ring 
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As outlined previously, attempts at synthesizing 
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cationic species Oe and 102 failed. The hearoeer bone in- 
tended as the precursors to these species were stable ana 
apparently strain-free, as demonstrated earlier. 

It is apparent from the behaviour of the 10- 
membered ring compounds that the centres of these ring sys- 
tems are somewhat crowded, due to the in-plane n-electrons. 
An explanation of the failure of the cation synthesis could 
lie here. In order to achieve sp- hybridization at the car- 
Pon atom, Lonel ting: the mydnide Lon, the. remaining. proton 
on the methylene carbon is forced further into the centre 
eens ino dt han at is during the, thermal lyeinduceds 21a 
ping "ot this carbon... if is, conceivable, then, that the 
resultant wrowdingy. forces. the. proton out ofs the plane, of 
the t-system, and thus the cation is destabilized by the 
reduction in the amount of overlap between the filled and 
empty p-orbitals. The degree of the resulting non-planarity 


is then foo great, to allow anyesort of stability. 


This distortion, however, must be more severe 


than is indicated by models. The bicyclic system 129 has 


been synthesized, and is Seertence Ii Lactate stabs lary 
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is quite remarkable. Assumedly the peripheral carbon atoms 
do not all lie in a plane, as is the case in its parent 
hydrocarbon. °? Thus some distortion from planarity of the 
ring carbons can be tolerated. The analogy between the 
compound 129 and 63 or 102 is somewhat tenuous (see the 
next section) .| However, it is apparent that the cationic 
systems 63 and LOZ would be far less stable than any other 
aromatic cations such as A22, tropylium cation (3) er cyclo=— 
propenium cation (16). Whether this instability is due to 
the geometry of £3 (or LOR) s or to some peculiarity of the 
10 m-electron system is an open question. Only indications 
tora solution ican be given at ;this teime. 

The reluctance of this ll-membered ring system 
(in RO Or 28) to achieve planarity may be reflected in some 
aetempted reactyons Of the methylene carbon... = Treatment on 


28 With SeO, in aqueous ethanol at reflux, Or Vacetic acid 


2 
at room temperature, did not effect any oxidation. In 
refluxing acetic acid, the hydrocarbon was destroyed, and 
no products were detectable. Nor was attempted allylic 
bromination with NBS successful. The hydrocarbon Be was 
inert to this reagent under several conditions. 

Tt was hoped that the expected products of the 
Se0. reaction (78 or the corresponding intermediate alco- 


hol) on protonation in strongly acidic media would yield 


the ll-membered ring cation in solution, so that it could 
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be studied spectrometrically. Likewise, compound le might 
also have provided information about the ion. It is note- 
worthy, however, that for both reactions, the mechanisms 

that would presumably be operating demand trigonal carbon 


Tete this ring system is apparently reluctant to 


at C-9; 
incorporate such an array. However, the synthesis of, say, 
28, substituted in an appropriate manner at C-9 probably 


affensiitthe best opportunity» for studying thew) -menmbered 


ring cationic system. 
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C. The 10 nt-Electron Aromatic System 

Few monocyclic, non-benzenoid 10 t-electron aro- 
matic compounds are known. Cyclooctatetraenide dianion*® 
(14) and cyclononatetraenide anion (12) are considered 
to be aromatic, and are 10 nm-systems. Cycl[3.2.2]azine 


(130), is a bridged [10]annulene in which a nitrogen atom 


ects,as a jJink to three carbon atoms. The nmr spectrum of 


Ce AO) 

KA ir, 130 
£39 shows absorptions (tT 2.14-2.80) characteristic of aro- 
matic systems. ° | 

Each of these compounds have features peculiar 

bOs.them,sother than the lO smesystem, that account, forstheir 
stability ,relative,to the parent [10l]lannulenes.. The ionic 
species have the advantage that any distortion from plan- 
eritye_(sOvasyto relieve, the strain associated with this 
geometry) would result in localization of the negative 
charge(s), clearly an unfavourable circumstance. The cycl- 
azine (130), on the other hand, is a rigid system prevented 


from transannular reaction and held nearly planar by the 
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nitrogen atom. 

Some 10 t-electron systems that show particular 
stability are the 1,6-bridged [10]annulenes (26) and the 
1,6-methano[1ll]annulenyl cation (122) - These species are 
all very stable, and little doubt exists that they are in 
fact aromatic.>? But these compounds too have a peculiar- 


ity that.may, in fact, be responsible for this (extraordin- 


ary) eouabi lity. 


ARR Lae 


As mentioned previously, the periphery of 26 
(and by inference, 122) is’ not planar: the distortion, prom 


coplanarity is ca Zoe)? 


Models of £6 show that the car= 
bon 2p, orbitals at positions 1 and 6 are considerably 
adrstorted from being parallel to the other 2D, SrDitals 

On the ring, and (in face, thesemorpitals, (at ¢-=l end, €-6) 
are directed toward each other across the 10-membered ring. 
This particular geometry could then result in homoconjuga- 
tion, which would stabilize these systems, as illustrated. 


In such a case, these compounds might best be described as 


substituted naphthalenes. 
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some evidence for this type of homoconjugation 
exists. Heilbronner has calculated the uv spectra of Pad) 
and hae and invokes homoconjugation across the ring in 
Order to explain the experimentally determined spectra. 
Similarly, the explanation of the esr spectrum of the 
radical~anion of R68 involves homoconjugation between the 
C-1 and C-6 positions.”> Recently a natural abundance ae 
nmr spectrum of 129 was obtained in this department. °” The 
spectrum indicated that the positive charge is not evenly 
distributed over the peripheral carbon atoms. Cation 129 
Migne better be eer ecenced as shown below. This diagram 


implies that 123 is a "bDenz~-~fused homotropylium ion" if 


any name at all is required. 
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These considerations in no way detract from the 


interest and fascination of these compounds (26 and ee i 


if anything, the homoconjugation increases their importance. 
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It is becoming increasingly evident, however, that these 
systems are not true reflections of mono-cyclic, planar, 
10 n-electron systems,°> 
ius Ltois: that onolplanar, monocyclic, shomo- 
nuclear, neutral, aromatic 10 t-electron systems are known 
at the present time. A gap in our knowledge of aromatic 


systems therefore exists; a synthesis of a bisdehydro[10]- 


annulene could go a long way to filling this gap. 
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CHAPTER 6 
EXPERIMENTAL 


All. melting, points and boiling points»are uncor- 
rected. 

The ir spectra were obtained on Perkin-Elmer 
model 21 or model 257 infrared spectrometers, CHC13 solvent, 
unless: otherwise specified. In reporting ir spectral data, 


the following abbreviations are used: 


Ss strong absorption 
rm medium absorption 
W weak absorption 

b broad absorption 


The nmr spectra were measured with Varian Associ- 
ates A-60 or HA-100 spectrometers; CDCl. was used as sol- 
vent unless otherwise stated, and tetramethylsilane was used 
as internal standard, unless otherwise stated. All coupling 
constants are reported in Hz. In reporting nmr spectral 


data, the following abbreviations are used: 


m multiplet 
Ss Singlet 
d doublet 


S triplet 
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g quartet 


The mass spectra were measured on A.E.I. MS-2, 
MS-9 and MS-12 mass spectrometers. The uv spectra were 
measured on a Cary model 14M recording spectrometer. 

Analytical glpc was performed on a F & M model 
Soo srescarch chromatognaph, employing, 6) sft.4ix 13/16 vin. .col-— 
umns (packing indicated in the text), with a flame ioniza- 
tion detector. 

Alumina column chromatography employed Woelm 
Neutral Alumina, Activity Grade II, as the column packing. 
Silicic acid columns were prepared from Mallinckrodt Silic 
AR-CC-4, 100 mesh silicic acid, unless otherwise specified. 


The following abbreviations are used for chemical 


names: 
THF tetrahydrofuran 
MeOH methanol 
NaOMe sodium methoxide 
HC (OEt) 3 ethyl orthoformate 
t-BuOH tertiary butanol 
KOt-Bu potassium tertiary butoxide 
DBN is S-dvazabicyelol[ 4.3 .0fnon-5—ene 


All experiments were conducted under a dry nitro- 


gen atmosphere, unless otherwise specified. 
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Diethyl o-phenylenediacrylate 1) 


Carboethoxymethylenetriphenylphosphorane (526.97 


14.8 mM) was dissolved in CH,C1 (SOM fo this solution 


2 
Was added dropwise, with stirring, a solution of O=piithal— 


icdicarboxaldehyde (1 g; 7.4 mM) in CH,Cl, (20 ml). The 


2 
solution was refluxed 18 hr. Acetone (7 ml) was then added 
and refluxing: continued a further’ 1 hr. Solvents were then 
removed in vacuo, and the semi-crystalline residue was 
extracted with pentane (5 x 10 ml). The pentane was removed 
in vacuo and the residue recrystallized from MeOH, giving 
1.66 g (82%) of 41 (mp 77.5-78°). 

Hitt en el Oe AM, FO) to. DO. 0 Lo, SH) soe — oro) et ro Hoa, 


feet 10 cme. eye Ie a0 (ai OTS tne 


o-Phenylenedi-1l-hydroxyprop-2~-ene (42) 


TO a Stirred solution in benzene (50 milje of ea 
(L659+) 5. 629M) was added, 4/295 SOlUCION Of ai -Ts0bucy.— 
aluminum hydride in benzene (30 ml) under Ny atmosphere. 
The temperature of the mixture was not allowed to rise 
above 45°. The mixture was then stirred at 40° for 12 hr. 
The excess eee vaices was then destroyed by the addition of 
methanol. The resulting mixture was filtered over Celite, 


and the solvents then evaporated to give a crystalline 


residue. Recrystallization from benzene gave 1.1 g (983%) 
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OLe diol Ag (mp 94=-9175%))% 
ieee 2-4, my SH ie 525-550 Ydde* 4H) FV erset(s, 2H). 


tee A33e0 éqn (broad); 965 (s). 


)O=-Phenylenédvacrelein see! 


Ter alo. AR (291 mg; 1.53 mM) was) dissolved in 


CHCl. (80 ml)> and, to it was added active MnO, 


the mixture was shaken at room temperature for 6 hr. The 


(39) and 


MnO. was then filtered off, and the filtrate evaporated to 
give pale yellow crystals of the dialdehyde Boehd WINS) A laMhS ie 
LLGILRS Yield 233 "mg » (82%) % 

nme: Mgrs 1. 3.76" (m 48H) * 40. 0-043" td, ~2H):: 


if 


ee ULES 0 tem’ (S)t > ALL25 «Gay Pers 70— (mi). 


o-Phenylenedi-2-bromoacrolein (44) 


The dialdehyde 43 (1.0 g; 5.38 mM) was dissolved 
in glacial acetic acid (15 ml) and: to this solution was 
added dropwise a solution of Br, ChO7 20 += b0se/ =i) ea, ace 
ticraciad: (4.5 mi).,, at which point. no more: bromine, colour 
was discharged. The solution was stirred for another 15 
min and then anhydr. K,CO, (1g) was added...Arter 5. min, 
evolution of gas had ceased. The solution was heated at 
80° for 30 min, and then cooled. The acetic acid was eva- 


porated by co-distillation with xylene, and the residue was 
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treated with water (5 ml) and extracted with CHCl. The 


organic layer was washed with 1M NaH,PO, solution) cGl0: m1) 
and dried (anhydr. Na,SO,). Evaporation of solvents gave 
a crystalline residue that was recrystallized from MeOH to 
Gavjesicolounlessiierystalis ((lit4s g326/6%)) (mp 122 .5-1:2.3%), dec). 
Taser) Jeo 22 \Snr(mm iG) st40 5h ue 2H) 


ne 


Deeeel70.0 tem.) GS) eG) Oveis) 4) al Lose(S)e, 


O-Pheny lenedi—2-bromoacrolein, ibisdiethylacetal (4) 


The dibromo-dialdehyde ce (l g; 2.91 mM) was 
treated with HC (OEt) , and gabsia ethanol 4(3) mi) and NH,C1 
(S0stg) ted This mixture was mefluxed 9.5) hrije Theireaction 
mixture was poured into ice-cold NaHCo , sodutaon wi52)o and 


extracted with CHG€1, (3 x 5 ml). The organic phase was 


5 
washed with brine (5 ml), dried (anhydr. Na,SO,) and evya- 
porated. The residue was chromatographed on alumina, pen- 
tane eluent, to give the bisdiethylacetal 45 as a colourless 


sossiccd. 


Yoasid=s aln23 sgue(8o8 


- o-Phenylenedipropargylcarboxaldehyde, bisdiethyl acetal 


(46) 


The dibromo-bis-diethylacetal (45) (9.1 g; 18.5 
mM) was dissolved in abs. ethanol (10 ml) and to it was 


added KOH (50 ml) in abs. ethanol (1.1 N), and, the mix=- 
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ture was stirred 10 hr. The mixture was Heston elms [ay b) cre a op a 
a0=Min, and then poured into a pH 7 buffer solution 
(Na,HPO,-NaH.,PO,; 50 ml) and the resulting mixture was 
extracted with CHCl, (4 x 100 ml); the combined organic 
Jayers were washed with brine (25 ml), dried (anhydr. 
Na,SO,) and evaporated to give 6.15 g of a semi-crystalline 


residue, which was not purified further, but. used as is in 


the next reaction. 


o-Pheny lenedipropargylcarboxaldehyde (32) 


The bisdiethyl acetal (46) (6.1 g; 18.5 mM) was 
gissoived in THE (125 m1) and to tt was added (o=toluene= 
sulfonic acid monohydrate (4.2 g) and water (74 ml). Thus 
the whole solution was 0.11N in the sulfonic acid. The 
solution was heated at 60° under Ny LOD i Ot ae AP ee iat hts 


time, wWa-coOs (1.48 gq: 14 mM) was added) keeping sthe soiu— 


2.303 
tion at 0°. The THF was evaporated, and the residue ex- 


tracted WitheicH.Cl.(3 4x 50-mL).. The, combined organic 


Dea a2 
layers were washed with brine (25 ml), dried (anhydr. 
Na,SO,) and evaporated. The chude crystalline residue 
was sublimed at 65°, 0.025 mm Hg, which gave’2.4 g (72%) 


of colourless crystals of the dialdehyde 32 (mp 64-66°). 
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o-Divinylbenzene (48) 


Sodium (13.7 g; 0.596 M) was dissolved in Pagquid 


NH, (1.5 £.) in the presence of Fe(NO -6H,0, giving a 


3)3 
grey suspension. To this was added triphenylmethylphos- 


phonium bromide (218 g; 0.596 M), and the NH, was allowed 


to evaporate overnight under a stream of N Beier Ee CiOredt 9) 


2° 
was distilled into the reaction mixture, and the resulting 
suspension was refluxed 30 min. To this suspension was 
added dropwise with stirring a solution of the phthalic- 
dicarboxaldehyde (40 g; 0.298 M) in THF (220 ml), at a rate 
sufficient to reach and maintain reflux. Reflux was con- 
tinued for l hr. The solvents were then evaporated, and 
the residue extracted with ether (5 x 200 ml). Evapora- 
tion of the ether, and filtration of the precipitated tri- 


phenylphosphine oxide at stages gave a brown oily residue. 


Disti llation! of) this’crude® product® gave” 25g (65%) “of 48 . 


bpt53e At’ 3°mn Tog qa 22 bp 80=-82°"at 16 mm Ho): 


ir: 1625 cm7! (s); 1483 (s); 1450 -(m); 1410 (broad, m); 


985 Ms) 89104 (broad,”’s)” 


o- (a,a',8,8'-Tetrabromo) diethylbenzene (49) 
SR Ee I ae res ee Sane. 


The divinylbenzene (48) (28.0 g; O25. M1) dS 


solved in CCl, (60 ml) and cooled to 0°, was treated with 


4 


Br. (68.8 g; 0.431 M) in CCl, (lOO mi), at a srace Ssurrr- 
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ciently slow so as to allow disappearance of the Br. col- 
our. The mixture was stirred overnight at room tempera- 
ture. Evaporation of the solvent left pale brown crystals. 
Recrystallization from ether/pentane gave colourless prisms 


of 49 mp 73-74° (1it.°? 


mp 72-74°) 
Yield: 91.0 g (94%). 


Mire et 2eee2., 7m; 4H pe 23-4070 (8, 22H): 8596. ba (S44 a) 


o-Diethynylbenzene (47) 


Potassium metal (52.6 g; 0.834 M) was dissolved 
in dry t-BuOH (1400 ml). The tetrabromide ey (O06. 
0.202 M)- was dissolved in benzene (250 ml) and this solu- 
tion was added dropwise to the t-BuOH solution over 90 min 
at gentle reflux. The resulting mixture was refluxed a 
further 2.5 hr. Most of the solvents were distilled off 
at 50°,-30 mm Hg. To the residue was added aqueous HCl 
(0.9M; 1.0 1.) and the aqueous phase was extracted with 
ether (3 x 200 ml). The ether extracts were washed with 


H-O° (100 mi) ands brane” (100m) ,Adrted “anhyda. Na,SO,), 


2 
and evaporated. The residual oil was distilled to give a 


oe bo 
colourless oil. bp 56-57° at 2.5 mm Hg. (lit. 80-82° at 14 


VYeeld: s816815 gy (64%). 
nines Up. 2 a0 208 in, OAH) 40 6.651674 2H) 


i¥s® S250%emn7+ (6)G 2090° (w); 1470 0s) 7! Wa40scm) 5° 950/ Kim) e 


mm ) 
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2-Phenyl-4,5~-biscarboethoxy-1,3-dioxolane 452) 


Diethyl di-tarcarate (RL) (154 g; 0.75 M) was dis- 
solved in dry benzene (500 ml). To this solution was added 
freshtyydistilled*benzaldehydéi(8297%g +0078 °M)'. 8MEter the 
addition of p-toluenesulfonic acid monohydrate (650 mg) 
the solution was refluxed under a Dean-Stark apparatus for 
88 hr, after which time the theoretical amount of H,0 had 
been collected. The benzene solution was washed with 5% 

Na GO. “Solution “(150 *miy ;SHxO (56 mi) 7 “brime+(100 smi), 


GE: 3 
then dried (anhydr. Na SO,). Removal of the solvents and 


2 
excess benzaldehyde gave pale yellow crystals. Recrystal- 
lization from MeOH (-20°) gave colourless prisms (mp 44.5- 
rho poy RP 
Mere Ls b65: Gan ( 25%). s 
We eb 20 = 2 eid (eu OH ete 3 OO AS Ea sume AO 251 7 Oe ACh ee es 


5.4-6.0 (qd, 4H); 8.5-8.9 (td, 6H). 


dl-2-Phenyl-4,5-bis (hydroxymethyl) -1,3-dioxolane (23) 


PRALHe C29: 358G: <0 975 “My Iwas “dissolved sin dry Tuk 


4 
(1500 mls "Po this solution was added dropwise, with 

Stimeing; a solution of the diester 52 (147 g; 0-5 M) in 
THF (400 ml) at a rate sufficient to reach and maintain 


reflux. The mixture was refluxed a further 2 hr following 


the addition. HO (29-25 q )ipethen: (5 e*N aon ‘solwtron (28.5 
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g) then more H,0 (85.5 g) were added slowly in sequence, 
leaving a colourless solution and a white precipitate. 
After filtering, the solvents were evaporated, leaving a 
semi-crystalline solid. Azeotropic drying with benzene 
gave colourless prisms, which were used without further 
purification in the subsequent reaction. 


Wield 86.1 9 (82%). 


agi-2—-Pheny1l-4,5-bis(tosyloxymethy1)—1,3-dioxolane (29) 


The diol AR (86 g; 0.41 M) was. dissolved in dry 
pyatdines(6'80 mi)jmandacooled £o,0°ty.TPoithis, solutions was 
addedep—tod uenesuld Tenyd) chlorides (234 g7) 1.23,M)yandythe 
minsture4wasistirred at), 0°.untid, allyof, thes solads, had 
dissolved. This solution was stood at 0° for 18 hr. The 
resulting mixture was poured onto crushed ice (500 g) and 
aiwhite solid, crystallized out,,which was. filtered off, 
then washed successively with HO (2) ix 140.05 mls) a MeOH G2 rsx 
LO0Mmis)4) them cyclohexane (2 2..200.m1L),..) Thesresul ting 
Solid wes Mecrystal lized from ethyl acetate “ko give col- 
ourless crystals of 50 (mp 131.5-132.5°). 

Wvetar 7074 .g (Sse). 
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ylidene (2A) 

Diethynylbenzene (47) (95.50 g3 -75.4°>mM) was disc— 
solved in dioxane (400 ml), then reacted with n-butyllithium 
in hexane (155 mM), giving a white suspension. The ditosyl- 
ate (50) (39.0 g; 75.4 mM) was dissolved in dry dioxane 
(300 ml) and added to the dilithio salt at room temperature. 
iis mixture was then refluxed for 96 hr, giving avery dark 
mixture. CO, was bubbled into the cooled reaction mixture, 


Z 


followed by addition of H,O (10 ml). The solvents were 


z 
evaporated in vacuo, and the resultant dark semi-solid 

residue was extracted with 1M NaH,PO, solution, (1007 me)? and 
ether (4 x 300 ml). The combined ether extracts were washed 

with brine (100 mk) and dried (anhydr. Na,SO,), then eva- 
porated. The dark residue was chromatographed on alumina (600 g 
Woelm, neutral, activity II), hexane/benzene (1:1) eluent, 
which gave as the second fraction, light brown crystals. 
Recrystallization from CH.CN gave colourless needles (mp 

Sgt vs CoO acd ad! 48 wes ga 

mire Tee. OS Ge 4H) >. OL (Mm, 2H) a4) (Spe tl) 20 om, OL) 


Lge) 2) OuecrimeGs) 11106 2M SIERO, ee 


Mass spectrum: Calc. for C57 Fy 6 On? 3) OO eelad oa 
Meas. for : s 3.007 haa 


3, 4-Benz- 8-hydroxycyclodeca-1,5-diyne-3-ene-9-yl benzoate (57) 
SIRS aS Oc 2s At ni Sa ele Sit Die el a Ee ea 


The benzylidene derivative )4 (400 mg; 1.33 mM) 
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was dissolved in CHCN (ll ml). To this solution was added 


trityl fluoroborate (485 mg; 1.47 mM) in CH,CN Coami rw = hie 


resultant dark solution was stirred overnight at room tem- 
perature, producing a yellow crystalline precipitate. This 


mixture was poured into 1.5M NaH PO, solution (30 ml) and 


2 


the resultant mixture was extracted with CHoCl. (3S xie2 oe Tn a= 


the combined organic phases were dried (anhydr. Na SO.) and 


Z 
evaporated, leaving a pale yellow crystalline residue. 
Chromatography on silicic acid (20 g) gave the hydroxy- 
benzoate (24. as pale yellow platelets (mp 133-135°dec.). 
Yield: 400 mg (95%). 


iNet ele eo. (My OH) is) 4 Os HM, LH): 5. (0.2m, elt ewe OU 


3,4-Benz-8,9-dihydroxycyclodeca-1,5-diyne-3-ene (28) 


The hydroxybenzoate 57 (400 mg; 1.27 mM) was dis- 
solved in MeOH.(25 ml), and THE (7 ml). .NaOMe (ca ,.40 mg) 
was added, and the mixture was stirred at room temperature 
Bom hr CO. was then bubbled in, and the flask contents 
were then poured into 1M NaH.PO, SOLU LT One (ie Lien ess 
mixture was extracted with CHCl, (3. x SOs), and the 
organic phase was washed with brine (30 ml) and dried 


(anhydr. Na,SO,). Bvaporation o£ the isolvents lett. ayyel— 


low oil. Chromatography on silicic acid, 2% MeOH in CHCl, 
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eluent, gave the diol rs (mpELLO-1122 accrue 

Yi 6 ldznd 2400 mg-(9.03,) », 

Mipiams 7930 nil) 6a 64 -(mye2H)s 5.92-.(m, 12H)? 7.6 
(bse iiah)”, 


ix: 3340 cm7+ (broad, m); 1045 (s); 978 (s). 


3,4-Benzcyclodeca-1,5-diyne-3-ene-8,9-diyl dimesylate (22) 


The diol rs (530 mg; 2.5 mM) was dissolved in 
benzene “(20 ml) and THF (1.5 m1), and methanesulfonyl 
Chloride (855 mg; 7.5 mM) was added. This solution was 
cooled to 0° and to it was added triethylamine (760 mg; 
Peony ne benzene=*(3 mi). ; After vstirring = fhaweat.0. ; 
the mixture was poured into NaH,PO, solution (50em))eand 
then extracted with ether (3 x 30 ml). The ether extracts 
were washed with brine (20 ml), dried (anhydr. Na,SO,), 
and evaporated, leaving a yellow syrup. Chromatography on 
silicic acid (8 g)followed by recrystallization from benzene 
gave the dimesylate 52 as light brown crystals: 4 (mp. al L3cy). 
ievids: § 782s moialS2s )e. 

Mire “Oe 0A am, 4H) ier 6% 9 2rlSyic6H)) rat) 20: Ooma Tee) ore, 
@500%4H) 


Dimethyl 2,4-dibromoglutarate (67) 


Thionyl chloride (300 g; 2.5 M) was added drop- 


Wise to glutaric acid 132g; “10 "M)” and this mixture was 
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refluxed 14 hr. The excess thionyl Savendas was distilled 
off, and the residual liquid was pumped out under high 
vacuum. (oThexresidual acid  chlorrdeiwas*®then heated to) 100° 
with stirring, and bromine (384 g; 2.5 M) was added drop- 
wise under reflux. The mixture was stirred overnight at 
100° with simultaneous irradiation from a 400 W tungsten 
lamp. The crude dibromide was then slowly poured into ice- 
cold methanol (200 ml). Ether (600 ml) was added, and the 
organic layer was washed with 5% NaHCO, solution s(2007m)) 


and dried (anhydr. Na.So 


2 4) Evaporation of the solvents, 


followed by distillation (bp 125° at 2.5 mm Hg) gave 67 as 
i 


a colourless liquid. 
Wee ce 26 ad pussies). 
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Dimethyl 2,4-dihydroxyglutarate (/1) 


A solution of the dibromoester 67 C2658q7 207 655e1) 

in MeOH (200 ml) and 5.0N NaOH (800 ml) was refluxed for 

90 min. The cooled solution was then acidified with conc. 
HCl to pH 1, and stirred overnight at room temperature. 
After removal of the HO (in vacuo), the residue was ex- 
tracted with hot acetone. The hot acetone solution was 
filtered, and evaporated, leaving a dark Oi eer hs stedarik 
oil was dissolved in HO (800 ml) and washed with ether 


(5 x 100 ml) to remove the dark impurities. The resulting 
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Water solution was titrated with 5N NaOH (phenolphthalein 
indicator), then passed over an acid-form ion-exchange 
column (Dowex 50WX8; 500 g). The eluent was freeze-dried 
Overnight, leaving crude dihydroxyglutaric acid (70). 

This crude acid was immediately dissolved in methanol 

(100 ml) and esterified with diazomethane (Ca SoM)i. The 
solvents were removed in vacuo, giving an oily pale yellow 
residue (Qi), which was used in the next step without fur- 


thier purification. 


2-Phenyl-4,6-biscarbomethoxy~-1,3-dioxane (72) 


The diester An (150 g; 0.78 M) was dissolved in 
benzaldehyde (350 ml) and cooled to 0°. ancl. (fused and 
powdered; 120 g) was added, and the resulting mixture was 
stirred 24 hr at room temperature. Ice-water (500 m1) 
was added, and the mixture was extracted with CHCl, (Geto: 
100 ml). The solvent and excess benzaldehyde were removed 
in vacuo. The residue was then dissolved in MeOH (400 ml) 
containing NaOMe(21.6 9; 40.4 M)° andsrefluxed GO.min. ofhe 
MeOH was then removed in vacuo, and the residue extracted 
with CHC1, (see OOM) ) ee ae CHCl, solution was then fil- 
tered, and the solvents evaporated. The residue was recrys- 


tallized from MeOH to give the pure meso- dioxane diester 


(i? amie cd —12 92) ). 
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Yield: 158 g (733). 


See text for spectroscopic details of compound Ake 


meso-2-Pheny1l-4,6-bis (hydroxymethyl1) -1,3-dioxane (72) 
Sana eee FN ee ee ee eee ee eee 


A solution of the diester ta (26 9; 92°mM))in 
THF (100 ml) was added dropwise to a suspension of LiAlH, 
(7.2 9g; 190 mM) in THF (200 ml) at reflux. The mixture 
was xrerluxed 11 hr, then cooled, to 0°. HO (20m Len THe 
(100 ml) was added slowly, followed by Celite (50 g). After 
filtering, the THF was evaporated in vacuo and the residue 
was a colourless oil, which was not further purified. 


Yield: 20.6 g (100%). 


dineey Bea0iews > (prod a's), 


meso-2-Pheny1l-4,6-bis(tosyloxymethyl) -1,3-dioxane (64) 


p-Toluenesulfonyl chloride (52 g; 260 mM) was 
added to the diol Lz (24 g; 100° mM) Sn pyridine (00° m1) 
ac. O°... This Mixture was stirred at. 0° £020 hr, “tnen 
poured into crushed ace (500 9g). The white Solid was fil= 
tered off, and washed with HO (100 ml), Meon? (100 m1); 
thensnexane (100'ml). The solad was then -dissolved in 


CHCl. (300 ml), and this solution was then washed with 1N 


3 
HCl until the aqueous layer remained acidic. The CHCL. 


layer was then washed with HO (100 mi), brine. (50> mL) and 
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dried (anhydr. Na.SO,). Removal of the OHeH and recrys- 

tallization from ethyl acetate gave colourless needles (mp 

bess l3s7° y. 

Yield: 6.45 %gh (843) x 

ie eet LOO (in, bs) 4.60 (Ss) i 58-68) (m,. 6H): 
WES 2 CS ptGH ate 83 — Sie Bete 2H) 


ir: 1600 cm — 


CS et ior sO an (CS) sel GO tsa. 
3,4-Benz-8,10-dihydroxycycloundeca-1,5-diyne-3-ene-0,0'- 


benzylidene Ces, 


Diethynylbenzene 47 (5.82 g; 46.2 mM) dissolved 
in dry dioxane (500 ml) was treated with a solution of iz 
puny iia chaumidinehexane? (924 4,0mM)a»», After stirring, 30, min 
at room temperature, the ditosylate (64) (23 lini + One hl) 
in dioxane (500 ml) was added. The mixture was refluxed 
for 110 hr. The resulting dark brown mixture was filtered, 


and bubbled with CO, while adding H,0 (10 ml). The sol- 


2 
vents were removed in vacuo and the residue thoroughly 
extracted with CHC1. (5: 4X2 Sai baie CHCl, extracts were 
washed with H.O (25 ml) and brine (25 ml) then dried 


2 


(anhydr. Na SO,) and evaporated. The dark brown residue 


2 
was dissolved in a minimum amount of benzene and chromato- 


graphed on alumina (500 g; benzene eluent). The second band 
was crystalline, and recrystallization from CHC1,/hexane 


gave the desired compound Dae as colourless crystals (mp 
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253-254°). 
Weel ds 447-40) mg +5. 13), 
ie: 6c 32. 4—3.0R (mm, $9H en 4 450, 86S nb) i515, 4 —5 398 (mm, nH). > 


Ga9-=7 SO.e (Tig, GH). 


3,4-Benz-8,10-dihydroxycycloundeca-1,5-diyne-3-ene (72) 


The benzylidene derivative ae (630 «maiz «2. Och 7mM) 
was suspended in distilled dioxane (50 ml) and stirred at 


room, temperature. 'p-Totuenécsulfsonic acid inlnOvw(s8408mdq in 


2 


4.6 ml) was added all at once, and the mixture stirred 
vigorously for 24 hr. The resulting clear solution was 


treated with HAO (35 mi)?and” then, extracted wath CHET (3 


5 


x 50 ml). The combined organic extracts were then washed 
weathers = Na,Co 5 sosuttone(25-ml),~and dried \(anhydr. Na,SO,). 
Removal of the solvents in vacuo gave a solid residue that 


was recrystallized from CHCl, to give the desired diol AR 
as colourless crystals (mp 193-194°). 


VYaeddean 407 smgei( 903) 


3,4-Benzcycloundeca-1,5-diyne-3-ene-8,10-diyl ditosylate (76) 


The diol Ar (340 mg; 1.50 mM) was dissolved in 
dry pyridine (2.0 ml) and cooled to 0°. p-Toluenesulfonyl 
chloride (600 mg; 3.15 mM) was added all at once, and the 


resultant solution was stood at 0° for 18 hr. The solution 
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was then poured onto crushed ice (50 g) Bre this mixture 

was stirred until the sticky precipitate had crystallized. 

The solid was then filtered off and washed with HO. 

Recrystallization from CH,C1.,/hexane gave colourless crys- 

tals of the ditosylate i6& @ip 176=b 1 pa57). 

Peel see OMG (Asa: 

WE iid L256 O.- AT po Liye Bt. 25. G <(M ee 2 Th) AGW. Dan 4 0d ai) 
Teo ah, OH ein ea Gt ily bE) 6 77 (mn ee 


a 


fee t600 cm. 7 (m)+ 1350 (broad, s);) 1150) (s)+) 10590) {s)- 


9.6.0..(s )<. 


eo -benzcycloundeca—l,5—diyne=3,7,10-tr tenes (36) 


The ditosylate /6 (490 mg; 0.918 mM) was dissolved 
diijedr Vet 4(50a mljosand stinned gat 00> ander N, while sKOt= 
Bu (285 mg; 2.55 mM). was sadded in:/100\.mg portions. | A blue 
colourappeared, which fadedsinyca djmin, , After 0 maim, 
the solution was quenched by pouring it into 1M NaH.PO, 


solution (125 ml). This mixture was then extracted with 


CH,Cl. (3: 25 0im1),, sand-the, combined: organic extracts were 
washed with HO (25 smd)-.andi brine’ (25) mien thengdraed 
(anhydr. Na,SO,) and evaporated, leaving a solid residue. 


Sublimation at 50°, 0.02 mm Hg, followed by recrystalliza- 


tion from MeOH gave hydrocarbon 36 as colourless crystals 


(mp 78.5-79.5°). 


| a 
awit apa. ‘pn te pet ak 


— tao 5) ‘Bale sqeniqiootd, 


“De Fa ra eotient ‘wna! eg 
oe bak tyolos oes ae 
| | «08 PERLE ONS rane rs ae 


ore || i ‘| 
, ee 4 Ay 


ter rey atone il nae ea ees 
: ‘ 


: ay) seatenatinny pate een 
bavibowe th: bi be 5 snlgo EBay act — 


: ww S473 hey i iH fhh vi = abt P ae ees é 


gee bet f, i ane a 0H, ‘on gf va | 
| caste ob Loot aie : cas 
potgie By wd onan! asian 
fitin here ixas node ihe ts 

/ ae Bae Me i meyer ibe Y 
eo hee pane ont st es 


220% 


Watedd:* 245¢mg~ (83%). 

Nice Seer Cexte? for, details? 

eee LOO om? (wey 14707-14250, 1430 (m) 3 10 O(n) 945 
(Ss) #799 5) '(s)% 

BM ee co2 Nits ic e360 0.0) 7 #256. 55345900) 7) 264...5..660,,900).. 


LIOCO 27a 


I 


massesspectrum:, calc. .for Cy 5H, 9: m/e 


meas. for Cis: m/e £9 0°. OF Gil: 


base peak: m/e = 95. 


. 2-Isopropyloxymethylenecyclohexanone (86 ) 


K,CO, (207 Gg; 1U5'M) «was suspended®in’dry: acetone 
(1600 ml). To it was added 2-hydroxymethylenecyclohexanone 
(125 g; 1.0 M), followed by freshly distilled 2-iodopropane 
CAi2nag S25 Me This mixture’ was refluxed “for 72 hr, arter 
which time the reaction mixture did not give a positive 
test with FeC1l3. The acetone and excess isopropyliodide 
were evaporated and HO (130 DP) "wasVadded terthe vesa due. 
Thais mixture was extracted with ether (3° x 300°ml) >" and 
the combined ether extracts were washed with 5% NaOH (200 


miseeieo: (2008m1), brine) (200ml) *andethen dried) (anhydx. 


2 


Na,SO,). The ether was evaporated, and the residue was 


fractionally dista lied: -°The*iraction beiting at? 7/2277" ‘at 
0.05 mm Hg was collected to give compound 86 as a colour- 
less RACE 


Yield: 151g (903). 


ae 


Ble teyiy2so5=2 7) Kel); 5 4-6.diu(sept. 7 1H)’; 7.4-8.0 (m, 


_i-Ethynylcyclohexene-2-carboxaldehyde (37) 


Lithium acetylide ethylenediamine complex (49 g; 
0.533 M) was suspended in dry THF (350 ml) in a 3 litre 
flask. To this suspension, at 0°, was added dropwise com- 
pound 86 (60 g; 0.358 M) Lilt COOe«mi) Ry phisemixtureswas 
Stirned(i5 min ate0°c), then 21 hr at room temperature. Ice 
(150 g) was added at 0°, and this mixture was stirred 30 
min. H,SO, (2.12N,.1360 ml; 1.44 M) was then added, and 
the mixture was then stirred vigorously for 1.5 hr. The 
resulting mixture was extracted with ether (3 x 200 ml) and 
the combined ether extracts were then washed with saturated 
NaHCO , solution (100 ml), brine (50 ml) and then dried 
(anhydr. Na,SO,) and evaporated, leaving a dark oil. This 
SilbsSwas sublimed at 50°, 1.0 %mmiHg, onto a cold finger at 
0°. The sublimed product was then recrystallized from 
hexane to give yellow prisms of the desired acetylenic 
aldehyde mp 47-49° (1it.°* mp 49.5-50°). 
Vield3g02420 9g. (50%). 
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1-Ethyny1l~-2-(8-chlorovinyl) cyclohexene (88) 
Se ee Ee a ee ak idy ai Cs 


Triphenylchloromethylphosphonium chloride (22.9 g; 

66 mM) was suspended in dry THF (100 ml), and treated with 
n-butyllithium in hexane (64 mM) at -78°. This mixture 
was stirred 15 min at -78°, giving a red-orange mixture, 
which was then allowed to warm to room temperature. The 
resulting yellow-orange mixture was then stirred 15 min at 
room temperature, and then the aldehyde 87 (8.05 g; 60 mM) 
in THF (25 ml) was added dropwise. The resulting dark 
green suspension was then stirred overnight at room tem- 
perature. HO (12 ml) was then added, and the solvents 
were removed in’vacuo. The dark semi~crystalline residue 
was then thoroughly extracted with pentane (6 x 75 ml), 
and the pentane extracts were dried (anhydr. Na,SO,) and 
evaporated,”~. Drstiliation of the residue gave tne chlloro— 
vinyl compound 88 as a pale yellow liquid -(bp 46=48° at 
0.05 mm Hep aoe 
ol WM We eI Lae Deas PRI OF AO 38 
mmr: “Tecrsee im, 4H),7 7.76 (mi), 7.38 )s 6.74 (57 Ih 

3. 2oniay hu: = Ademco 3c > Jn B = 8). 
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1,2-Diethynylcyclohexene (82) 
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Na metal (8.55 g; 372 mM) using Fe(NO -6H.O (150 mg) as 


ays 
a catalyst. To the grey suspension of NaNH. was added the 


chlorovinyl compound 88 (19.4 g; 116 mM) in dry ether (200 
ml), with vigorous stirring. The red-brown mixture was 

then stirred 2 hr at NH, reflux, and then NH, 
mM) was added in portions, followed by more ether (450 ml). 


Cl (28 g; 520 


The NH was evaporated and H,0 (150 ml) was added. The 


layers were separated, and the H.0 layer washed with ether 
(50 ml). The combined ether extracts were washed with H,O 
(50 ml), brine (50 ml) and then dried (anhydr. Na,SO,). 
After evaporation of the solvents, the residual brown oil 
was distilled to give as a colourless oil, diethynylcyclo- 
hexene (82) (bp) 27=28° at 0.1 mm Hog; 1it22 52-=53° ae) bS8 mm) 
Weaeclas' 9.50 g (63%)). 

Once taro. SOM M4) fii. 1S AM, eb )o Oe oom oye. 


Is) 22130. (wid 452° (nm). 


ine? 3360 cmi. 
0,O0'-benzylidene (89) 

Diethynylcyclohexene (12.6 g; 97 mM) was dissolved 
in dry dioxane (500 ml). To this solution was added n- 
butyllithium in hexane (194 mM) at room temperature. After 
stirring 1 hr at room temperature, a white precipitate had 
formed. To this suspension was added a solution of the 


ditosylate (20) (50.3 g; 97 mM) in dry dioxane C300" mh) s. 
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This mixture was refluxed for 90.5 hr. After cooling, CO. 
was bubbled into the mixture for 5 min, followed by the 
addition of HO (10 ml). The solvents were evaporated under 
reduced pressure, and the dark residue was then hydrolysed 
with 1M NaH,PO, solution (200 ml). The resulting mixture 
was extracted with ether (4 x 200 ml). Any insoluble solids 
were then filtered off, and the combined ether extracts 
washed with brine (100 ml) and dried (anhydr. Na,SO,). 
Evaporation of the ether left a dark brown semi-crystalline 
residue which was chromatographed on alumina (600 g) giving as 
the second band, light brown crystals. Recrystallization 
from hexane/benzene (4:1) gave compound 82 as colourless 
Shysto lou (MD 54, 5-155, 52), 
Weta 262 9550 1.108). 
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found for C5185 92: 304.1467. 


3,4-Tetramethylene-8-hydroxycyclodeca-1,5-diyne-3~-ene-9-yl 
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benzoate (20) 

The benzylidene derivative (83) (300 mg; 1 mM) 


was suspended in dry CH,CN (7 ml), and to it was added. tri- 


tyl fluoroborate (420 mg; i 2 ein), gin CH3CN (4 m1) =e 4bhe 
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yellow suspension was stirred at room temperature for 9 hr, 
aftertwhich time; /all of the precipitate had.dissolved. 


This solution was hydrolysed with 1M NaH,PO, solution (45 


Oa 
ml) and the resulting suspension was extracted with CHCl. 
(3 x 25 ml). The combined organic layers were washed with 


brine (25 ml) and then dried (anhydr. Na,SO,) and evapor- 
ated, leaving a brown semi-crystalline mass. Chromatography 
On@ertlictice Vacvedr(25 ¢)egavevas@adyellowesclidvatmixtune of 
the hydroxybenzoate (20) and triphenylmethyl species, which 
was not usually further purified, but used directly in the 
subsequent step. On one run, the hydroxybenzoate was 
chromatographed four times on silicic acid to remove the 
impurities, which gave the hydroxybenzoate as colourless 
crystals (mp 145° dec.). 
Wretd.) 2e20mgqy (903)).. 
Mile to OGL (Mm, 4H 7.86. (m,. 4H) i 20) (ile ero ome CIO, 
1H) 4.68. (m, LH); —1..80-25:33 (m, 5H).. 


ee 252 0Lcmi (broad, m); 2195 (w)? 1720 (s). 


3,4-Tetramethylene-8,9-dihydroxycyclodeca-1,5-diyne-3-ene 
(21) 

The mixture of the hydroxybenzoate 20 and the 
triphenylmethyl species (ca 650 mg) was dissolved in dry 


MeOH (20 ml) and dry benzene (5 ml). To this solution, 


SENOS azeeiacdded NaOMe (32 mg). This solution was stirred 
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ace0Gsfou/7s min, then hydrolysed ‘with: 1M NaH,PO, solution 


(150 ml). This mixture was then extracted with CH,Cl, (8 
x 30 ml), and the combined organic layers were washed with 


brine (50 ml) and then dried (anhydr. Na SO,). Evaporation 


Z 

of the solvents left a light brown oil which was chromato- 

Grapned*on -sPirerc-aend™ (15%) 7tO give asthe third band the 

diol 91, as colourless crystals (mp 100°,,dec.). 

Yield: 80% overall from the benzilidene derivative 82. 

GNA Leas 635 I aaa) eo se (Ms 4H) 9 7 —4h6 4 (i, S4H) eG bs (mM, 
4H). 


em COP nis o(brosdiu) 9.2 1logs twis 


3,4-Tetramethylenecyclodeca-1,5-diyne-3-ene-8 ,9-diyl 
dimesylate (92) 

ThesdroL I (216 mg; 1 mM) was dissolved in THF 
(GamL) 7 ©iMethanesulfonyl ‘chloride’ (345: mg7-3 mM) “an *THP (1 
ml) was added, followed by the addition of triethylamine 
(338 31 mg Ais) netetan THE M(2%ml) saevoom SAMwhite: precipitate 
formed immediately. This mixture was stirred “for 15 min 
at 0°, and then evaporated. The residue was dissolved in 


CHC]. (25 ml), washed briefly with brine (25 ml) and then 


fa 
dried (anhydr. Na.,SO,) and evaporated, leaving a pale yel- 


low glass. Chromatography on silicic acide» og) gave the dis 


mesylate 92 as a colourless glass that rapidly turned green- 
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3,4-Benzcyclodeca-3 -ene-1,5-diyne (229. 


The dimesylate RR (150 mg; 0.404 mM) was dissolved 
Siete (2.5 ml)’ and MeOH (1.3 ml) ati0°.9 NaOMe (49%mg: 
0.910 mM) was added in MeOH (3 ml). This solution was 
Scvirred cvernight acyroom temperature, resulting an va tignue 
brown solution containing a small amount of silky precipi- 


tate. .The mixture was hydrolysed with 1M NaH,PO, solution 


Ze 
(50 ml), and this mixture was then extracted with pentane 
(5 x 25 ml). The combined pentane extracts were washed 
Wiltnebrane (25> mlyrand dried (annvdr. Na,S0O,) and evapor- 
ated, leaving greenish crystals, which were a mixture of 
hydrocarbons 92 and 94. This crude residue was dissolved 
in a minimum amount of MeOH. Cooling this solution to -78° 
crystallized out the tetrahydroanthracene (23). Evapora- 
tion of the mother liquors gave a pale yellow solid resi- 
due. Recrystallization from hexane at -30° gave 224 

as colourless crystals (mp 73-74.5°) (ca 95% pure). 

Yield?" 22%mg (30%) *of°24; Ico *mg (25%) of 23. 


See Chapter 3 for spectroscopic data of compound 24. 
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Diethyl o-phenylenedipropionate 
The diene diester ful (20 ig: 7525 MMe wasvals— 
s0ived inwTHE (150'ml), and 5¢"Pd/c: (1.40 q)* was added. 
This mixture was shaken under H, pressure (40 psa) ofor 50 
min, after which time no more H 


2 
lyst was filtered off, and the THF evaporated, leaving a 


was absorbed. The cata- 


yellow oil, which showed no trace of starting material in 
its nmr spectrum. This saturated ester was used without 
further purification in subsequent reactions. 


Yield: 20.6 g (98%). 


_o-Phenylenedipropionic acid (26) 


The diethyl ester (see above) (20.5 g; 74.0 mM) 
was dissolved in ethanol (200 ml). To this solution was 
added. 2.1N KOH solution (98 ml), and the resulting yellow 
solution.was.refluxed.2.5.hr, then,stirredi.overnight at 
room temperature, The solvents were removed in vacuo and 


HeO .1004ml) waswadded to,thesresadue... The H50 solution 


Z 
was acidified with conc. HCl to pH 2, which produced a 

white precipitate. Recrystallization from hot HO gave 
colourless needles of the diacid 26 (mpi wifes, Onley 1 Ore) 

Field: rls eqs (802). 
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Dimethyl o-phenylenedibutyrate (27) 
cee ee Ea ee RE eS 


The diacid 26 (10.0 g; 45 mM) was suspended in 
benzene (200 ml), and to it was added oxalyl chloride (27 
g; 210 mM), with stirring at room temperature. This mix- 
Cure was stirredare45° for 19"nr, *at-wiiecn point the solu-— 
tion was clear. Solvents were removed in vacuo and the 
residual diacid chloride was dissolved in benzene (200 ml) 
and then added dropwise, with stirring, to a solution of 
CHLN, (AV BM) Sineet her vat~t0S. <D[his solution waseatbirrced 
17 hr at 0°. Evaporation of the solvents left a yellow, 
semi-crystalline residue. This was dissolved in dry MeOH 
£300 imb), and tomit,swith) stirzing, was,added dry AgOCOC (H. 
(hong) invtricthylamine (50 mljy,<.in portLons,. untilano 
more No evolution occurred. The resulting brown mixture 
was stirred 17 hr at room temperature. Activated charcoal 
(2 g) was then added to the mixture, and the mixture was 
then sefhuxed) 30emins)sAtter-filtrationszand evaporation, 
the residual brown oil was dissolved in CHCl. (50 ml) and 
ea ran SS eHegs (25. mi), H,O (25 ml), saturated NaHCO, 
(25am) andubrines (25uml); and then draed (anhydz. Na,SO,). 


Evaporation of the solvent left a dark brown oil. Distil- 


lation (bp 120° at 0.05 mm Hg) gave the diester 97 as a pale 


yellow oil. 


Vieldsyo7¥51g9(603). 
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maSs spectrum: calc. mass for Cy gH 99, ? 


meas. m/e = 27871519. 
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. 6,7-Benz-2-hydroxycyclodeca-6-ene-l-one (28) 


ee 


Sodium metal (2.30 g; 100 mM) was suspended in 
refluxing xylene (160 ml). With vigorous stirring, a solu- 
tion of the diester 24 (6.0;G (21.6 mM) Minexvyienes (60 mm 
was added dropwise, at reflux. The resulting mixture was 
Betluxed LOres2 iy .. -ACetiCcy acid= (l0sml) in xylene (0mm) 
was added dropwise to the cooled (0°) mixture, followed by 
H,O (00 ;mL). The resulting mixture was stirred) at: 02s for 
15 min, after which time the organic phase was a pale yel- 
low colour. After filtering with glass wool, the organic 
layer was washed with brine (25 ml) and then evaporated, 
leaving a yellow, semi-crystalline mass. Sublimation (70° 
at 0.05 mm Hg) gave the acyloin 28 as colourless crystals 
(mp 93-94°). 

Meets. Li Gr 6D 6) 
nMmy gi) te. 6-320 (Mm, 2H): 5.7-6.00(m, 1H); 6. 1-6-4 (bs, li); 
Geo wom, olen). 


fe orone (broad, mi; 1705. (sy 2 L0o ums. 


5,6-Benzcyclodeca-5-ene-l-one (29) 
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The acyloin 98 (1.67 g; 7.65 mM) was dissolved 
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in acetic anhydride (4 ml) and pyridine (6 ml) and this 
solution was then heated at 50° for 3 hr. Xylene (5 ml) 
was added, and the solvents were removed in vacuo. The 


residue was dissolved in CH5Cl and washed with H.O (10 


De 


ml) and brine.(10 m1), then dried. (anhydr. Na 


2 
SO,) and 


2 
evaporated, leaving a yellow syrup. Chromatography on 
Silicic acid gave pale yellow crystals, which were sub- 
limed (100° at 0.08 mm Hg) to give colourless crystals 
(mp 104-105°) of the 6,7-benzcyclodeca-6-ene-l-one-2-yl 
acetate (95% yield). (ir: 1725 cm (s), 1745 (s)) 

Calcium (1.05 g; 26.2 mM) was freshly cleaned 
With emery Cloth and then dissolved in “a mixture of Eiquad 
NH, (120 ml) and dry ‘THE (40 ml) at -78°. The keto-acetate 
(490 mg; 1.88 mM) was dissolved in THF (40 ml) and this 
solution was added dropwise to the dark blue Ca/NH, solu- 
tion, With Vigorous Starring.  Afcer, 10 min at =-78 {sche 
mixture was poured onto crushed ice (300 g), and this mix- 
ture was then extracted with CHCl. (3--x) 25 mi) fhe vcon— 
bined organic phases were washed with 10% HCl (25 ml), 
saturated NaHCO, (25> mi) andebriane (25uml)e 8 AL ered 20g) 
(anhydr. Na,S0,) the solvents were evaporated, leaving a 
pale yellow oil. Distillation (Ol bath: temperature 70-3 


0.08 mm Hg) onto a cold finger (at 0°) gave 22 as a col- 


ourless oP. 


Yield: 270 mg (718%). 
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Benzcyclodecene (10) 


Powdered KOH (600 mg) was dissolved in ethylene 
glycol (6 ml) and this solution was bubbled with argon to 
remove oxygen. Hydrazine hydrate (85%; 0.6 ml) was then 
added, followed by the ketone Ae e240 tmgstLeLo mM)e, SeThis 
solution was heated at reflux for 90 min, and then volatile 
components were allowed to slowly distil off until distil- 
lation ceased. The residual solution was then refluxed 
BISKE, -ENen “poured “into HO (50 ml); this mixture was 


extracted with CH5Cl (3 x 10 ml), and the combined organic 


2 
layers were washed with H,O (10 .ml).and brine. (€10,ml), then 
dried (anhydr. Na,SO,) and -evaporated._ Distillation of 
thesresiques(oil, bath .50°3.0.1 mmsHq) -onto avcold’ finger 
(0°) gave the hydrocarbon 100 as a colourless oil. 

Yields" 150 mgy(673)). 


if 


ir se oO 0ucmae Se: 629505 (m) omnes UL) 


_Bicyelo[8.4,0]tetradecane, (101) 


The benzcyclodecene (86 mg; 0.458) was dissolved 
imeacetresacid (3%ml) and Pto. (40 mg) was added; this 
mixture was stirred under H, (iyatnu) torr? 2ehr oe Theimax— 
ture was filtered, and the filtrate was diluted with pen- 


tane (15 ml). The pentane solution was washed with HO 
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(32x 5oml),, saturated NaHCO, (o ml, “and brine (5 mi). 
AEter drying (anhydr, Na,SO,), the pentane was evaporated, 
leaving a colourless oil. Glpc analysis of this oil on 
UC-W98, Reoplex, and Carbowax showed 2 peaks in the ratio 
5:1 whose mass spectra (glpc-MS12) were virtually identi- 
cal (or - m/e = 194). The peaks were assigned the Clee 
and trans-bicyclo[8.4.0]tetradecane structures for the 
siatlpand large components, respectively. “Hydrogenation 


of hydrocarbon 24 gave identical results. 


,4-Tetramethylene-8,10-dihydroxycycloundeca-1,5-diyne-3- 


ene-O,O'~benzylidene (103) 


Diethynylcyclohexene 82 (1.00 g; 7.69 mM) was 
dissolved in dry dioxane (60 ml), and this solution was 
then treated with n-butyllithium in hexane (15.38 mM). 
Atter 1 hrvat room temperature, a white precipi tare, nad 
formed. To this mixture was added the ditosylate 64 (4.09 
Gg; 7.69 mM) in THF (30 ml). “This mixture was’ refluxed 94 
hr. The reaction mixture was cooled to 25°, and CO. was 
bubbled in for 10 min, followed by the addition of se 
(2 ml). The solvents were removed in vacuo, leaving a dark 
brown residue. This residue was triturated with 2M 


NaH.PO, solution (25 ml), and this mixture was extracted 


2p ek 
with ether (4 x 50 ml). The combined ether extracts were 
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washed with brine (25 ml) and dried (anhydr. Na SO,). 


Z 
Evaporation of the solvents left a dark brown residue, 
which was chromatographed on alumina (200 g; benzene elu- 
ent) to give as the second band, the benzylidene deriva- 
tive A103 as pale. yellow crystals. Recrystallization from 
hexane/benzene (1:4) gave i903 aS colourless needles (mp 
ZiomZi” 1Gec).). . 
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3,4-Tetramethylene-8, 10-dihydroxycycloundeca~1,5-diyne-3- 


ene (404) 


The benzylidene derivative 1.03 COZ SMG Ons 2 an) 
was dissolved in CHC1. (4°-m 1) and sMeOH (4m) Lomtnis 
solution, p-toluenesulfonic acid monohydrate (G.0Mmag a0 vod: 


mM) in H.O (0.5 ml) was added. The solution was stirred 


2 
at 25° for 7 hr. The solvents were removed Nae vacuo and 


the residue was dissolved in CHCl, (30 ml) and washed with 


5% NaHCO. solution (20 ml), H,O (20.mi). andsbrine» (26 m).: 


3 
after drying (Na,SO,), the solvents were removed to give 
104 as yellow crystals. Recrystallization from hot CHCl, 
gave the diol 1.04 as colourless needles (mp 184-185°). 


Neto sw soem (75s). 
Mass spectrum: Calc. for Cy 5H) 90>? AEM IRS) ON Te Smee sol ek eer G LIS 
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3,4-Tetramethylenecycloundeca-1,5-diyne-3-ene-8,10-diyl 


_dimesylate (102) 


Methanesulfonyl chloride (80 mg; 0.46 mM) in THF 
(O,o.ml) was added’to a solution.of the ‘diol 104 (53 mg; 
Ones.) in THE (2 mily “at 0°. “To this solution was added 
Eeretnylamine. (7/0 mg*.0,69 my imerag (1- ml) tat. 0%.) After 
5 min, the colourless mixture was evaporated, and the 
residue was dissolved in CHCl. (10 ml) which was washed 
Wiktieeia ON Ce XS. NLL) 5, Atel Grying ..(annydias Na,S0,) and 


2 


removal of the CHCl a pale yellow glass remained, which 


3° 
was the desired dimesylate 0). 

MLeta (40727 mg CLOGS). 

Hines WES alas vee (me £49 / 66-850. (MPFEOH) $26 S87 22m (me) 


Ga9whse. 6Hiaw4d9e5 . 4adme 2H) 


3,4-Tetramethylenecycloundeca-1,5-diyne-3,7,10-triene (38) 


To a solution of the dimesylate 105 (92 mg; 0.238 
mM) in THF (3 ml) at 0° was added “a! solution of DBN’ (350 
mg; 2.81 mM) in THF (0.5 ml). “The’ solution’ was* stirxed 


4 hr at room temperature, turning a deep orange colour. 


Ether (100 ml) was then added, and the resulting solution 
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was washed with saturated boric acid solution until the 
aqueous phase was acidic. The organic phase was then 
washed with brine (25 ml) and dried (Na.SO,). Removal of 
Ehewsolvents gave a slightly yellow oil. Sublimation at 
60°, 0.05 mm Hg gave hydrocarbon x8 as colourless crystals 
(mp 46-48°). 

Peele 232 mg (0%) . 

i UES O- Oy OKs (aH) 7 SO 747) (INE) OL) pao 4 oo AH 
H 


Mass spectrum: calc. mass for C 194.1096 


aaa As 
Meas: m/e = 194.1090. 


3-Isopropyloxymethylenenorbornan-2-one (118) 


To a solution of 3-hydroxymethylenenorbornan-2- 
ene (7.0 gis5lamM)sin dry acetone (120.ml)swaseadded anhydr. 
K,CO, (10.5 s¢3, 75..mM) and 2-10dopropane (10.8 g; 64° mM). 
Whie mixture was refluxed 66 hr.) After fLrltrvation ene 
solvents were removed in vacuo, and the residue was dis- 
tilled to give the desired 118 as a colourless liquid (bp 
Bo: sae 0.05 min Hg). 

Yield: 7.85 g (84%). 
rinceet 29 (s.) VH) 795 .6-6.1 (sept., Lhe. tee, ti. 
7.4. (bs, LH); 8.0-8.6 (m, 6H); 8.7 "cd; oH) 
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2-Ethyny1-2-hydroxy~-3-isopropyloxymethylenenorbornane ee 


NaNH., was generated in* liquid NH, (SOsmi) trom 
Na (460 mg; 20 mM). Dry acetylene was then bubbled into 
Enos Mixture, at -78°, for 15 min. » Compound 118 (268 Ga-g 
20 mM) in dry ether (3 ml) was added dropwise at -78°. 
The reaction mixture was stirred for 48 hr at -78° under 
an atmosphere of acetylene, after which time NH, C1 CiiOmG 


28 mM) was added. The NH, was evaporated, and the residue 


3 
was dissolved in H,0 (LO ml). ” This mixture was extracted 
With ether (3 x 30 ml), and the combined ethereal extracts 
were washed with brine (25 ml) and dried (anhydr. Na,SO,). 
After removing the solvents, the residue was recrystal- 
lized twice from pentane, to give the acetylenic alcohol 


ni eesna yellow solid (mp 40-41 jn) (ca 902) pure) 


Wield.) (2eL20g (51 2)r 


. 2-Ethynylnorborn-2-ene-3-carboxaldehyde (120) 


To a stirred solution of compound 119 (5.25 g; 
2524 mM) in THE (50 ml) was added 1.87N H5SO, (59 smi). 
Biter stirring 2 hr, NaCl. (5 g) was added. ithe resulting 
mixture was extracted with ether (3 x 100 ml) and the com- 
bined ethereal extracts were washed with HO (S27 Send), 
and brine (2 x 35 ml), then dried (anhydr. Na,SO,). After 


evaporation of the solvents, the residue was chromatographed 
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on silicic acid which gave the acetylenic aldehyde as an 

unstable, yellow semi-crystalline solid. 

Waeld:__ 4.0 g (75%). 

Pett CON iC cH) se) 6. 2. (Ss 1H) 16.4—-6.7 (my oki) 6. o-7 40 
TPR | ae Sie 6 0 a eS =) PR 


ae 


trees 25 ecm.) (Ss): 1640) (mm). 


2-Ethynyl-3-(g-chlorovinyl) norborn-2-ene (121) 


Chloromethyltriphenylphosphonium chloride (16 gq; 
Zoom) was) suspendsdsin dry THR (75 ml) at =/83. gn-butyl— 
lithium in hexane (40 mM) was added at this temperature, 
and the resulting dark red mixture was stirred 45 min. 
The aldehyde 120 (5.0 93) S50.mbi) Invory ore) Oey) acs 
added dropwise at -78°, and the resulting dark brown mix- 
ture wstirred, for. 2 hr att thas temperature... 4 Tosemaxncture 
was warmed to room temperature and stirred for 3 hr. HO 
(s0uml) NaCl (So q) land ethers (s0'ml) were -tneneaddeu, 
and the organic phase was separated and washed with brine 
(25 ml) and dried (anhydr. NajSO,). After evaporation of 
the solvents, the dark semi-solid residue was extracted 
thoroughly with pentane (6 x 25 ml). After evaporation of 
the solvents, the residue was chromatographed on silicic 


acid/supercel (3:1; 75 g), pentane eluent, to give the vinyl- 


chloride 121 as a pale yellow oil. 


Yield: 3.6L g (56%). 
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2,3-Diethynylnorborn-2-ene (115) 


NaNH, was generated from Na (3.3 9g; 143 mM) -2n 


Laquid NH, (300 ml) using Fe(NO ~-6H,O (50 mg) as cata- 


cue 2 


lyst. To this suspension was added the vinylchloride A221 
(ono 0 to aS mM ein dry ,THR4 (30 mi) at —/8%en Thas wmixture 
Was! Starred for 245.hr at -78". afitern which the mixture 


was warmed to NH, LOMLuxpasane <SLOOdss2n hi tas NH, Cl CLthOag > 


144 mM) was added, and the NH, was evaporated. The resi- 


due was treated. with: ether ¢150.0m))) and, HO 730 mi)...4/ the 


2 
ether layer was washed with brine (30 ml) and dried (anhydr. 


Na SO,). Evaporation.of the, solvent deft, a dark.oil which, 


2 
after distillation at room temperature (0.05 mm Hg) gave 
the diethynylnorbornene as a colourless liquid. 

Wore lads. S633; igni(7 >a )e 

nm: i 6, 45°16Se 2i)e 6. 8-7 sOin(bSi92H) 748..0-9.04tm, £6). 
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SOME ASPECTS OF 


TRANSITION METAL-CATALYSED REARRANGEMENT OF BICYCLOBUTANES 


"Those properties that are perceived by the senses are 
probably not the differences which distinguish one metal- 
lic species, from another,.but rather accidents or conse- 


quences, the essential specific differences being unknown." 


Avicenna 
De Maneralibus 
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CHAPTER 1 


THE TRANSITION METAL-CATALYSED REARRANGEMENT OF 


STRAINED SYSTEMS 


Strained carbon frameworks have long fascinated 
organic chemists as probes to study the degree to which 
the; normally tetrahedral carbon atom can be distorted. 
guese molecules, have made up an intriguing chapter of the 
science, from which has come ingenious solutions to both 
theoretical and synthetic problems. The strained systems 
have, in some instances, shown what first appeared to be 
anomalous properties, which have in turn been the key to 
closer understanding of the chemical bond and the laws 
that govern its existence and behaviour. 

BY tits time, the concept of the lconservartion of 
orbital symmetry, as presented by Woodward and Hoffmann, ~@ 
has gained wide acceptance and utility. Strained systems 
have provided a unique: means of testing the extent of iorbi- 
tal symmetry control by providing geometry. .in which other- 
wise improbable bond reorganization is more likely to occur. 


One molecule which proved extremely interesting 
OM oreo Ns Mere rye 


0 0) 


} 


from this point» of view was pentacyclo[4.4.0.0 


dec-9-ene (basketene, A)» which was synthesized several 
ke Ce 
years ago nearly simultaneously by two independent groups. : 


Later, this compound (1) was inter-related with other (CH), 
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isomers, a group of molecules whose transformations ae 
gantly demonstrated the power of the conservation of or- 
bital symmetry.” 

A third group” was also pursuing a study of the 
basketane ring system, along lines closely parallel to 
those followed by the other two groups. There were, how- 
ever, large discrepancies in physical and spectral proper- 
ties of some key intermediates obtained by the French and 


North American teams. Closer examination of the French 


boil. 


work revealed that the intermediate diester Rr nad been 
purified by chromatography on a silicic acid column impreg- 
nated with silver nitrate. Under these conditions, rapid 
conversion of k into compound re) occurred; subsequent hydro- 
lysis and oxidative bisdecarboxylation gave rise to penta- 


Prelots. 2.207% 5 east ee 


0 0 ]dec-9-ene (4). It was soon 

shown that addition of catalytic amounts of silver fluoro-~ 
borate to dilute solutions of zk, in “Ghloreform rapraly  icen= 
verted 2 into ene min) .> Basketene oe) can also be con- 


verted into under the same conditions, but at a slower 


Baiee. 

This rearrangement of the cubyl skeleton is now 
known to be a general reaction type. Cubane (2) rearranges 
to cuneane (6) and homocubane (7) to homocuneane (g) .° eo 


these rearrangements are concerted, then the overall trans- 


Ag (T) 
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formation is a [_2.+.2_.] reaction, which 1s thermally for- 
wane rn GC jas Cae 


eich In order to maintain the protons on the carbon 
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atoms on the outside of the molecular framework, then two 
of the carbons participating must undergo inversion of con- 
figuration. Several questions immediately arise: if the 
Silver-catalysed reaction is concerted, how does the metal 
atom interact with the hydrocarbon framework in order to 
maintain orbital symmetry control? If the reaction is not 
concerted, then what is the mechanism of the rearrangement? 
is silver eneronly transition metal to efiect these changes, 
and if not, are there any differences with other metals, 
and what is the origin of such differences? 

Answers to some of these questions were soon forth- 
Coming. “Both Rati) and PadUil) Trearcange cubane (a) 4 but 
ina dramatically different manner. “Pd Cll), an vehis 2u- 
stance, behaved much like Ag(I), rearranging ) to compound 
f . Treatment of a with Rn{I), however, produced syn— 
tricyclo[4.2.0.07'”]octa-3,7-diene Coe Phaus;, not only 
do other transition metals catalyse rearrangements of the 
cubyl system, but they do not all act in the same manner. 


Studies on the Rh(I)-catalysed reaction indicated that 
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the mecnanism was not concerten | isolation of an inter- 
mediate has been reported. ® Treatment of cubane (2) with 
[Rn (CO),C1] , (19) Gives, Via an oxidative addition to a 
carbon-carbon bond, an acyl-rhodium adduct Gia he Thus, 


at least the Rh(I)-catalysed rearrangement of cubane is 


uieeg, , 


OC a ava 


rad ma 
ce 


a multi-step, process. 

Dauben recently reported a study of, thie etrecers 
OF the metal ligands on the. course of the cubyis rearrange 
ment.” With the basketane diester (2) as the organic sub- 
strate, various complexes of Rh(I) and Pd(II) were employed 
as catalysts. Either diester 3 or 12, or varying combina- 


tions of the two were the products, as expected. Transi- 


tion metal complexes with ligands that were weak o-donors 
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ella g—acceptors, (e€.¢., PdCl.(C.H-CN) 5), acted in the same 
manner as the uncomplexed metal ion, and gave rise exclu- 
Sivelyito the dicyclopropyl” derivative (7p) = SIS gear 
rangement was viewed as the transition metal interacting, 
edge-on, with a strained carbon-carbon o-bond, the metal 
acting as a strong o-acceptor, to yield an intermediate 
with an electron deficient centre (i.e., carbonium ion- 
like intermediate) which collapses to the product. 

The production,of the dienes (12) from Rh Gl) com- 
Dlexes 7. Al. Gan, Rh ((CeH-P) Cl), and some Pd(II) complexes, 
(G5... 4 PdI.[(C,H.-) As} 5). is in agreement with the sugges- 
tiom that the rearrangement proceeds via a bidentate intexr- 
action of the strained carbon system with the transition 
Metal comolex. This sort of interaction 16 equivalent co 
abieosidat uve addition of the metal to ene strained worganic 
substrate; there existed a good correlation between those 
ligands which enhance the oxidative addition of a transi- 


tion metal, and those ligands on Pd(II) which favour the 
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formation of the dienes (12). Dauben's study indicated 
systematically for the first time the manner in which the 
Progucte duisiiribubion. from a transition metal-catalysed 
rearrangement of a strained system is variant with the 
nature of the ligands on the metal. 

The cubyl system is not the only strained carbon 
framework which undergoes rearrangement catalysed by tran- 


Sition metals. Another such molecule is quadricyclene leony 


AR, 


Doni) ae 


wnich is converted on treatment with AG Chie 
RAK) ce to norbornadiene (14). In analogy with the Rh(I)- 
catalysed reaction of cubane (5), Halpern reported isolation 
of an acyl-rhodium intermediate (]5) from the quadricyc- 
lene isomerization; thus this reaction also appears to pro- 
ceed in a step-wise fashion. Caution should be exercised 
in this instance, however. In our laboratory, attempts 

at reproducing Halpern's results, as reported in the brief 
Sonate were completely unsuccessful. Following 
the reaction by nmr spectroscopy (in methylcyclohexane-d, ,) 


did not give any evidence that an intermediate such as that 
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reported was in fact involved. The source of this discre- 
pancy may lie in differences in experimental detail: resol- 


ution of this problem awaits publication of full procedures. 
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Strain is apparently not the only factor which 
determines whether or not a hydrocarbon will rearrange 
Under the anfluence Of transition metals.) Tie anti otei: 
cyclooctadiene CLG) is stable to Agi), although @tie syn- 
isomer (2) is Sen ote The strained systems ine and 18 and 
Bee are likewise ieee nor does hydrocarbon au rearrange 
in the presence of inte Phe These results may be inter- 
preted asthe: result of unfavourable Steric inceractrons, 
Or Unsuitable geometry, although at ,this time, such pro- 
posals are speculative. 


Many metals have been found to promote rearrange- 


ment of strained systems; Zn(II), Hg(II), Ir(1I), Cu(T), 


aoe sh 


ee Phe ae while ae Neen ms 


emia vee af 


Se We A BF ei MP 
Y 1 


+e Papi Vea ne Loe i uibees path bgenle eu r 


ya = 
al] Ti « - 
a ey 
‘ 
ey ios 
ti Cae ae el 
. ty . oe 4 f : i es wats, 
} Wiha i’. 
: 
; ‘y % Ay ae Wa ay | 7 
adoesl Wiha te Faeh, val lees at : ate 


Lae | ee eit _ Seat ots 
2 f= I ya m: ; yy i : rte (m; t Ne iF ‘A a mg itis | up Dai : 
; 4 fe i) an a1 ry me ey i om - m if i ahd vee ae if Nh a or 


Stig r “i gets : 7 : i ata " i ad Ni a ay uf ie =) ‘3 *, 


Saal ae, “i iy et ee ‘ 1% iv ig ey | 


ry 
1 a ae de al eh 


hd) Pa ee ee veh 7 tim allt 


jeeP ea ettns fi a tLe inhaay ibe zi ve ia ‘a f 


SAT Geis reat i ‘Being is nea 


A iY es 


Ru(I), Pt(II), and Sn(II) are some examples. The follow- 
ing discussion will, however, be limited to Ag(I), Rh(I) 
and Pd(II), because these metals have been used most fre- 


quently in studying the mechanisms of these rearrangements. 
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CHAPTER 2 


THE REARRANGEMENT OF BICYCLO[1.1.0] BUTANES~-— 


Ag(I) AND Rh(I) 


BalaGac LONE. |lo..0.) butane (21) ie a haghily «strained 
(63-68 kcal/mole) *? hydrocarbon.) Invspitte (of cars high 
Strain energy, thermal isomerization of bicyclobutanes 
to butadienes (e.g., RAR) requires a high activation 


energy (41-43 kcal/mole) .7® If such isomerizations are 


At, RR, 
concerted, they must involve a [asa a ea process, which 
is thermally allowed.* 

The bicyclobutane skeleton is particularly amen- 
able .ror the study of fhese types of processes because Wt 
Gan.be specifically labelled, with, for instance, methyl 
SrLOvps Oc ceurerium, SO that ‘the stercocnem calscourse of 
qaUreacte OM Cans oe aeduced, from the, product. structure. 

Evidence that the thermal isomerization of bicy- 
clobutanes to butadienes is concerted was provided by Closs 
and Pfeffer in eva exo ,exo~-2,4-Dimethylbicyclo[1.1.0]- 
butane (23) on thermolysis yields predominantly the cis, 


‘ oo ta ¢ c . 
trans-hexa-2,4-diene (24); the endo,exo-1somer (22) gives 
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mostly tne trans,trans-hexa-2,4-diene (28) - These results 
are in accord with the operation of a ee + oza! concerted 


meeCianis nt 


aR, RR 


Catalytic amounts of transition metals such as 
Ag(I), Rh¢L) and Pd{il) also, in general, convert: brcyclo— 
butanes to butadienes. Before 1971, a few scattered ex- 
amples of these reactions were known, and all could be 
formulated as [2. + 25] or [2. + an) type reactions, as was 
the case in the cubyl rearrangements (see above). The pro- 
posal was therefore made that these rearrangements of bi- 
cyclobutanes were concerted. However, the organic sub- 
strates studied were so constituted that only one mode of 
reaction was possible to explain the observed geometry of 
the product and alternate stereochemical pathways were 
Structurally prohibited. 

As in the thermal isomerization, compounds 22 and 


Rr, allowed a probe of the stereochemical consequences of 
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Ag(I)-catalysed rearrangements of bicyclobutanes, by pro- 
viding more than one possible reaction pathway. ?® Treat- 
ment of £2 with catalytic amounts of AgClo, in benzene, at 
room temperature or 5°, gives predominantly the hexadiene 
RO + and under the same conditions, a) gives ye (see above 
diagram). The Ag(I)-promoted isomerizations are not com- 
Pletciy stereospecific (see Table I), but it appears as 
though the stereochemistry of the bicyclobutane-Ag(T) 
reaction may be governed at some stage by the orbital sym- 


metry of the whole system undergoing skeletal rearrange- 


Met. 
Table I 
= Yield 
Product Distribution, of Ag(L)—-Catalysed 
Reaction of 2,4-Dimethylbicyclobutanes 
Compound RA 3°) Total Yield 
RR Ze 78 89 
AR 3 5 8) 
These changes (23°26 and RR°eA) represent ee + 
ee toe possibly for Are [2 + Bee reactions, in the 
orbital symmetry sense. However, rapid accumulation of 


data concerning the structural relationship between start- 
ing materials and products soon demonstrated that the 


mechanism is not concerted, but in fact proceeds in a step- 
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wise manner. Three possibilities are presented for the 


mechanism of the metal-catalysed rearrangement of bicyclo- 
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In. the conversion of bicyclobutanes into butadi-= 
enes, two bonds of the starting material must be broken. 
Ciéavage™of the C-1,2 bond (to give a Species dake ei) fOl- 
lowed by vC-1,3 bond breakage, gives rise Cova (formal) 
carbene-metal complex (28) « Two modes of decomposition 
are Open to”"such an intermediate. Hydrogen migration to 
the carbenoid centre (mechanism A), followed by loss of 
the metal atom, produces a butadiene (22) of a sort that 


will be called the Type I Product. An analogous vinyl 
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migration (mechanism B) leads to a butadiene which will be 
called the ype in Rroducis (See diagram above.) As will 
be seen below, specific labelling allows distinction be- 
tween) these; two types of products. 

Alternately, cleavage of the C-3,4 bond in edt 
Wut Concomitant loss of the metal .(mechaniism Oejaliso 
eae O. sche (lyper WP roduct «(| Hit as aimportamk: at this 
point to emphasize that a Type II product is the result 
O-7 et ejer mechanism By) or, mechanismeC ge The Type T product 
Canyon ly arise <Lrom mechanism A. 

Since the recognition that the metal~catalysed 
rearrangement of bicyclobutanes is probably a step-wise 
process, a considerable number of specifically labelled 
bicyclobutanes have been prepared, in attempts to eluci- 
Gace the mechanism of this reaction. One particularly 


ae 20 
interesting example was published by Gassman. heac= 
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tion of the trimethylbicyclobutane 29 with catalytic am- 
ounts of [Rh (CO) ,C1] 5 gives the diene 30 and the cyclo- 


propyl compound eas as products. Compound 3] 1s a strong 


Ag ion 
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indication of a step-wise mechanism, through an intermed- 
late like R4-  Diene AW 1S either a Type 1. ora, Type If 
product. However, deuterium labelling at C-3 of Rr as 
shown above, established that 0 mustepe «a Type Aeoroduct, 
and is therefore formed by mechanism A (hydregenrmigra- 
PLO tO a Carbenoid centre). Later, Paquette studied bi- 


cyclobutane 29 on treatment with Neg a ee a hey producics 


ai 
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aR ne 


are the dienes RA and RRe and compound aa Grea IRS Sao) = Tver 9 
the presence of ra suggested a step-wise mechanism. Both 
dienes 22 and 22 are Type I products, and therefore arise 
via mechanism A. 

Gassman has performed a@ further series of te:peri- 
ments concerning compound omer In MeOH, with [Rh (CO) ,Cl], 
(10) as catalyst, 22 gives the methyl ether A (see refer- 
ence 29 for a refutation of this type of experiment), which 
supports the fact that a carbonium ion intermediate is 
involved and is trapped by the solvent. This result is 
subject to the proviso that the production of 34 by acid- 


catalysed reaction must be excluded. In our laboratories, 
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aetrace Of: p—toluenesul tonto’ acid: ani MeOH converts £2, into 
RA quantitatively within 2 min at room temperature. Di- 
carbonylrhodium acetoacetonate [Rh (CO) ,acac] in CHCl. con- 
verts 22 into me and 313 in MeOH, in the presence of base 
(BacO,), mostly oh is) produced, but) ata ratevoniy 5) -fimes 
faster thhan the réaction of Pa) with MeOH alone. Gassman 
Claims that these results prove that Rh(I) produces a car- 
bonium ion intermediate like Rds However, both the insta- 
bility of these Rh(I) complexes in He One ae and the fact 
that the metal-catalysed reaction is not exceptionally 
fastermithan that note involvingstheymmetal ~miycidate=agaimar 
anyrdéfinitiverclaimsof smechanisticy prook. 

The dimethylbicyclobutane 35, on treatment with 
Ag( ET) Gigives crisecexclusively totthe diene Oe whieh 1s 
again a Type I sqodicte mee Again a carbene-metal com- 


plexeappears:totbe antintermedzateminstigs reaction; =rt 


would decompose via a hydrogen shift to the diene 36. 
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The tetramethylbicyclobutane nd, is particularity 


interesting, because if a carbene-metal intermediate (22) 


a8 


M 


an 


is involved, no hydrogen migration is possible. Treatment 

Of ed with Ag(1) or Ri(l) gives diene 28, which 1s) a type 

II product, and therefore may arise from either mechanism 

B or C. However, voth Paquette and Gassman chose to in- 
Que po i2 


voke mechanism B. Such a mechanism demands a vinyl 


Migration to. the carbenoid centre. 

Compound AQ is another tetramethylbicyclobutane 
isomer. Again the effect of varying alkyl substitution on 
the strained system is evadent in the mearrangement of 
this molecule. Thus AQ, on treatment with [Rh (CO) ,Cl], 


1 i i equal amounts. Both these dienes 
gives eal and Ag in about ed 
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are type I products, and their formation has been intex— 
preted in terms of a carbene-metal complex intermediate, 
and mechanism A. 


erate or one Cae) on treatment 


TELeCVCLOLe 1, 04 € 
with catalytic amounts of Ag(I) gives 1,3-cycloheptatri- 
ene eae which is a Type II product. Once again, Paquette 


has chosen to interpret this result in terms of mechanism 


G@rogensmigration, is responsibie for the” product formation. !4 


Reaction of 43 with [Rh (CO) ,C1] , gives an entirely dif- 
ferent! product,’ the methylenecyclohexene Ady which is a 
Typeni product and * is “therefore formed by “migration of 


hydrogen to a carbenoid centre (mechanism A). 
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Hydrocarbon AR provides a particularly clear-cut example 
of how different metals provide different results in this 
bye OL -catalytic action. 


Methyl substitution on Az again results in some 


changes in the course of the reaction. ~-/2+ Thus, treat- 
Ag AL) 
a f + || 


ment of the l-methyl-derivative (46) with Ag(I) produces 
dienes Ae (ype “Ir product) and AS (Type I preduct), and 
Ene DICYCLic *compound AQ. Again these results were inter- 
Peered aS arising solely from mechanismen (for 48) and 


mechanism B (for - )? the formation “of 42 was described 


" 


a 7 
as the result of "deep-seated skeletal rearrangement" of 


the intermediate carbene-metal complex. “+ However, if 
thevinitial stép “in; the reactilom ds) breakage or a side- 
bicyclobutane bond (to form PO) 4 then it is easy to see 
that formation of ae could arise simply from bond reor- 
ganization to give a tertiary carbonium ion (51) which 

then collapses directly to HC erouele If the first step in 
this sequence is rate determining, then the reported ky / 
Ky = 1.74 may be explained by this mechanism, and there 


would be no demand to invoke the rather complex proposal 
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Oe fered. No reason was given for excluding such a car-— 
bonium ion mechanism; nor was explained the rejection of 
mechanism C as a possibility to explain the formation of 


ad 


Rh(I) rearranges A6 into the diene Bo which 


is again a Type I product; the reaction was interpreted as 


an example of mechanism A by Gassman. Again, the differ- 
ent Gatalytic. actions ofjRh(b)s and Adit), are obvi Ouse1n 
this case. 

Mhe foregoing. instancesyorm transition metal—cata- 
lysed rearrangement of bicyclobutanes are not exhaustive, 
but are intended to be exemplary. Several pertinent facts 


have arisen, which must be considered in discussing pro- 


Lye 


posals for mechanisms of these reactions: 

1) There are significant differences in the actions 
of different metals. Thus , Liiva ‘ulgorous proos on the 
action of one metal is forthcoming, it cannot be general- 


2 that 


ized to other metals. Indeed, it has been shown 
Changes in the ligands on one metal can Significantly alter 
Gis cacalytic action, so that discussion Of the reactions 
of one metal must include a consideration of its ligands. 

2) lt has been shown that variation in the substi-—- 
tution pattern of the bicyclobutanes has a profound effect 
Om, tne course of the reaction. Therefore disicussing (the 
isomerization of one or two bicyclobutanes to provide a 
general mechanism explaining all such isomerizations is, 
at best, a risky means of proceeding. 

Say) In. most of the. cases or Type LL product forma- 
tion, both mechanisms B and C can explain the products 
tat are formed. in £féw instences is-1t possi ole stom 1c 
Oorously distinguish between Che two alternate, 1,oures mor 
is it possible to say that only one, rather cham bork, 
mechanisms are) operating in any particular instance. To 
say that a product is a Type Il product zs-merely a formal- 
iam. Thus it is curious that at least one author*4 has 
specifically proposed mechanism B (involving a carbene- 
metal complex as an intermediate) for nearly all Ag (I) <= 


catalysed rearrangements of bicyclobutanes, to give Type 


ty products. 
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Two papers concerning the Ag(I)-catalysed reac- 
tion appeared recently’? which at least cast doubt upon 
the interpretation of these reactions as involving mech- 
anism B. As discussed previously, Ag(I) catalyses the 


following rearrangements. 


An 


Recent studies have indicated that reactions of 


diazoalkanes with transition metals (including Ag(1)) lead 


to the formation of complexes consisting of the metal and 


as 


the carbene species formally derived from the diazoalkane.~* 


Therefore, reaction of a diazoalkene of general structure 


my . 
RN 
NHC | Ry Nw, 2 
~s 
M 


Rr Ra 


a) with Ag(1) will provide useful information,as to whe- 
ther carbene-metal intermediates are involved in the Ag(I)- 
catalysed rearrangements of bicyclobutanes to Give; Ly perk 


products. The following reactions were GAaLriGLed) Ours 


Ag (I) 


Se, 
7 a 


Ba) (953) 


Le “SS AIT 
24 (38) Prete n 
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26 (45) 
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thus, 1f the proposal by Kirmse- 
diazoalkane-metal reactions is applicable to the present 
case, then the intermediacy of the carbene-metal complex 
is excluded in one case (i> a8) gand Be not main lyp respon 
Stole fOr prodauct, formation in tat least ‘two others (223726 
and RR RA) - A mechanistic alternative is necessary for 
these cases. 

Treatment of 43 witn Ag(I) in methanol gives a 
nearly quantitative yield of the methoxynorcarane (28) 
as a mixture of isomers. (Care was taken to eliminate 


he possibility that this reactaon*is the result. of “acid 


Sacaltysivs)t>-this result''strongly andicates that tite 


OMe 


An Ag 58 
Rn 


initial intermediate in the Ag(I)-bicyclobutane reaction 
in an aprotic solvent such as benzene would possess the 


structure shown as 729 (resulting from the initial cleavage 


aot 


i faz iS rf D Ore : 


, fs ia 


a 
i Sat / yaad - | ae ; 
\ 4 > 4 . in a m : 7 


aa. 


Ay Ger 


of the C-2,7 bond) and use of MeOH effects interception of 
re, to give rx, With Ag(I) being ejected in a protonolysis 
reaction. Consider then, the fate of an intermediate such 


as 60. If cleavage of the C-3,4 bond is preferred, (Type 


/ 


cmatane ren 


II product) cation 6] results; breaking the C=-1,3 bond 
gives a carbene-metal complex (62). That either route 
may be operating has been pointed out. 

the first ‘alternatives (to give bt) te eclocety 
Telated to a cyclopropylcarbiny Y type) ob rear rangemone. 
Therefore, placing a leaving group at the carbonium 106n 
centre in molecules resembling 60 would simulate this type 
of reaction. Several cyclopropylcarbinyl mesylates were 
prepared, and pyridine or DEN served tojstimulate the el- 
imination reaction. The results are shown below, (Table 


II), along with the Ag(I)-catalysis results for compari- 


ye) 
son. 
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TABLE IT V7. 
Comparison of cyclopropylcarbinyl and Ag (I) -catalysed 


rearrangements 


Compound Reagent Products (2) 
OMs ak 
A4 (95) 
Rr an pete 
u% 
s Ag (I) 44 (97) 45 (0) 
An 
H 
f \ 
SOS CH, PYt; \ \ 
DBN 
\ \ Soe 
RAR 


Ao Nia), 2A (20) oo (0) 


OS ae Ag (I) PERS ZA 22) R6 (0) 


CH 
Msn 7” PYY; 
ee oy ky 26 (8) ZA (86) re (0) 
BS Y DBN 
RAR 


ae } Ag (I) 26 (5) ZA (95) 36 (0) 
OMs ipvsll 
DBN ~ 


4 Ag (I) ie a 


ie 


The similarities between the Ag(I)-bicyclobutane 
and cyclopropylcarbinyl mesylate reactions are striking: 
It is therefore reasonable to propose that bond cleavage 
in 69 proceeds in such a fashion as to produce the more 
substituted caxkbonium ion, which in turn ejects Ag (lL) = (ox 
Ai to complete the reaction. 

It is now apparent that there is insufficient 
evidence to invoke the intermediacy of an Ag(I)-carbene 
complex in the catalytic rearrangement of some bicyclo- 
butanes. All the experimental evidence so far presented 
tends to suggest that the initial one-bond cleavage inter- 
mediate 60 is the dividing point leading to various types 
of products for the bicyclobutanes thus far examined. 
However, in the absence of detailed knowledge concerning 
C-Ag and C:-Ag bonds, additional work is required before 
the exact mechanism of the Ag(1)-~catalysed reaction can 
be defined. 

Some trends are evident at this point. In the 
case of an unsymmetrically substituted bicyclobutane, 
Ag(I) generally attacks at the most substituted bicyclo- 
butane bond, whereas Rh(I) (and Pd(II), for which see 


Chapter 3) attacks the deast substituted side. An example 


of this is the trimethylbicyclobutane 4). 
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Rh(I) (and Pd(II)) generally prefers a mechanism 
(AVoreB) sinvolving a carbene-métal intermediate. Ag(I)- 
catalysed reactions, however, may involve each of the three 
posstbilenmechanisms! (A, Byyor.€)SehWhich pathway is pre= 
ferred (through intermediates like 61 and 62) appears to 
depend very much on the substitution pattern at the C-1 
and C+#3 positions: 

Pd(II)-catalysed rearrangements of bicyclobutanes 
UaAttereinimanysinstances from both the Ag(1) and Rat) 
reactions. Some of these differences, and the first de- 
taidededescription of aaPd(dl) -ecatalysedareaction;awith 


confirming experimental data, are presented in Chapter 3. 


LPT. 
CHAPTER 3 
THE REARRANGEMENT OF BICYCLO[1.1.0]BUTANES~--Pd (IT) 


As mentioned previously, Pd(II) catalyses the 
msomerization ef bicyclobutanes tovbutadienes. The cata- 
lyst most commonly employed is palladium(II) chloride- 


benzonitrile [(PdCl., (C,H_-CN) 57 66)]. This compound offers 


several advantages over other Pd(II) complexes: 

i) the preparation of 66 is straightforward-> (PdCcl. 
PimoerZonieri le ay 100° for 0.5. hr)’; 

2) 66 is a stable crystalline compound; 

So) “Le As soluble dan “most. organdie solvencs: 

4) -it is a convenient starting material for making 
other Pd(II) complexes, because of the lability of the 
nitrile ligands.-° 


Treatment of 1,3-dimethylbicyclobutane (27) with 


66 gives the diene 36, as does Ag(I)-catalysis. However, 


Cia} 
Pd oe ee ee 


an 


treatment of the isomeric dimethylbicyclobutanes 23 and 


RR, with Pd(II) gives different results from that with 


: ; Ze 
Ag(I), as summarized in Pap ecm . 
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TABLE III 


Comparison of Ag(I) and Pd(IT) catalysis 


Bicyclopwtane Metal PROCUGCES FES) 


a RE 


RR, : Pd (IT) 16 37 47 
Kr Ag (I) 22 78 0 
Rn Pd (II) 24 51 24 
RR | Ag (I) 95 3 0 
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Compounds RA and 26 are interconverted by Pd(II), and 


therefore the values in the table represent equilibrium 


mixtures. 
As mentioned previously, the Ag(I)-catalysed 


reaction is stereoselective, .Whe, Bal it) nesaction cleari, 


is not; the types and. distribution of the products are 
dissimilar from those obtained by a cyclopropylcarbinyl 


carbonium ion type of reaction. These results then 


clearly indicate mechanistic differences between the two 


metals. 
The Pd(II) complex (66) also catalyses the re- 


arrangement of 43 into 4p, and not 44. 
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The treatment of diazo compound ae With PdCl, (CH-CN) 5 


gives exclusively the diene Ar- These data were consis- 


HCN 


tent with a palladium-carbene complex being involved in 
some rearrangements of bicyclobutanes. A mechanistic 


scheme can be constructed, as follows (for the tricyclo- 


27 
heptane 43). 


The initial intermediate or complex (87), of as 
we pmunepsonriledmstructure, is not mecéssary, but as vinelu- 
ded for génenahkitysoctThe second ritermedi ake ins ithe ~prg= 
posed Pd-carbene complex (68), or the complex (62) resul- 
tang. from Cl transfer to the carbéenoid» centre. /Both 
o8 and 62 result -fromuascleavage pok pahe Gain? ,and 

U 
C-2,7 bicyclobutane bonds in AR. Hydrogen migration and 


expulsion of the metal from 68 then results in the forma- 
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tion of the diene Ad: 

Such a proposal lacked rigorous definition. If 
intermediates in the reaction could be detected spectro- 
metrically, then little doubt would remain as to the mech- 
anism of thés rearrangement«>(UpetonthasEepoant,,alilcof these 
isomerizations of bicyclobutanes involved the use of cata- 


ivece amounts (up to ca, 10 mote 2)-0f the transition metals. 


Lge 


Obviously the best conditions for detecting intermediates 
in these reactions would involve Call: L.mole -ratves otimeta L 
and organic substrate. Just as obvious is the necessity 
of working at low temperatures in order to slow the reac- 
f1On sufficiently to ablow Ghardcterization of any inter- 
mediates. 

With these factors in mind, we proceeded to exam- 


ine the reaction of AS Workin «bd € i 


9 (CcH.CN) » (Rg) in methy1- a 


ene chloride-d, by means of low temperature nmr spectro- 
scopy (100 fire aes Thus, Ap dissolved in cb5Cl, was added 


slowly with vigorous mixing to a solution of 1.2 mole 
equivalent of 66 in CD,Cl. abe-50 S05 Ingthesnmrn spectrum 
of the resulting canary yellow solution, no signals due 
to starting material (43) were present after 15 min at 
-50°. There appeared new signals indicating the formation 
of a new complex or complexes (67) at 1 5.39 and 5.72 (m, 
totalj integration: 1H) ,and+1 16.8586, complexem,) total 
integration 9H). These signals remained unchanged for at 
beast oneshreat.-50°, buteqeonjwarmang too-302,.gxadually 
disappeared to give an orange solution, exhibiting a new 
set of signals for a new complex (68): 1 4.42 (broad d, 
iHtatvee6.Serte4a?aetmy LH) ehtebe2s Mere) andaiwia7- 
Ga Sei(myu7H). 

This spectrum is consistent with a structure for 


68 as the carbene-metal.intermediates,,.-The;first two.sigs 
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‘ke and Ho. The 


Vitrd signal), ai sharprsinglet at.1).6.24.is! assigned to. H 


Nails (t 4.42%and, 4:73) are assigned. to H 
7° 
This proton is attached to a formal carbene-metal centre 
and the chemical shift is lacking in appropriate preced- 
ence, but the assignment is at least reasonable. 62 also 
Satisfies the spectral data, and cannot be excluded at 
this time. 

The istruckure: of 68 implies that the double bond 
is also coordinated to the metal. Models of Se indicate 
that it is less strained than norbornadienylpalladium com- 
plexes, and also show! that,the mydrogen at C—/ 15 onehno- 
gonal to that at C-6, which accounts for the singlet at 1t 
Gavi. This data represents wine Eilrst metection ofa 
carbene-metal intermediate (68) in the transition metal 
catalysed rearrangements of strained systems, and thus 
constitutes an important key to understanding these reac- 
tions. 


At almost the same time as our work was reported, 
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Dauben and Kielbania also published data on g8, apparently 
scanning the nmr spectrum very rapidly immediately after 
Hes and 66 are mixed in CDCl, at room temperature; *” both 
PepPOrts were essentially identical “in the: interpretation 
of the spectral data. 

Further warming of solutions of PS to 0°, for.2 
pion 30° “for 20 min, effected. another: trans sornat tonser 
68, as expected, giving a red-orange solution of a new 
complex (79) which exhibited absorptions in the nmr spec- 
Crimea 'o.o ly (broad is, VH) s.r Se 88 (broades cs) wretOsn 2) 
feroecd Ss. this 2, 7.145 (bread Ss) dij ee 30 (ngewe and 
Toys6o-S.5 (m,.4H). A131. mixture of the cGiene oF and Pdcl, 
(Ce H 5CN) 5 (68) qa CD), ofl, reproduced this spectrum. Dauben 
isolated this last complex oe (mp 60-65°) and agreed 


with our assignment of the structure of 40 as the t-allyl 


complex. 


The dimeric nature of 70 is a possibility sugges- 


ted by analogy to the known Structures of other wally l 
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Addition. of diene AD EO) OO at =50° gave am nmr 
Spectrum totally unlike that of complex 67. Warming this 
Solution did not give Pi. At = 30° po tne mixture or A> and 
66 Slowly forms the t-allyl complex iQ. THe -ACGUCE or 
diene A> and complex 00 eat *-50° May De that in which one 
double bond of ee) is coordinated to the erate” but this 
has not been rigorously defined. 

We propose that the initial Pd-hydrocarbon adduct 


9 ., ; 
1s a mixture of com- 


(62) (which Dauben did not bese 
plexes 67 and 67', which result from "Pd=Cl addition” 


Bcross “Ee C=2,/ end C=1,/) bonds of Ary respectively. 


| 
= PAC hi 


2 
A, 


These structures are analogous, for instance, to that of 
the dihydrobullvalene-PdCl, (C,H.CN) 5 adduct isolated by 


8 
Gedayena 4 Structures such as a cannot at this time be 


rigorously excluded, but spectral data, and MeOH quencha= 


ing experiments (see below) make them less likely than 


those proposed. 


The quenching experiments were performed as fol- 
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lows. Lt Solutions of ee agile oe £6 uaa CHCl. 


eSO0°) “in the presencetor KCO. with MeOH, the only product 


are treated (at 


detectable is diene An. Complexes oe Cat 2a0g@ and in Cae 
room temperature) also give only the diene 42 On reaction 
with MeOH. Reaction of A with 66 in MeOH at room temper- 
ature in the presence of RCO, also only gives diene Are 
Allie these results indicate that a cyclopropylearbiny! CGat-— 
ion species, if involved in this reaction, cannot be trap- 
ped, which is completely unlike the analogous reaction 

Coo a4) catalysed by Ag(I). 

Each of the intermediates (67, 68 and 40) possesses 
Catalytic action, and effects) the destruction of AB at 
approximately equal rates at =50°. Thus, addition or 1 
equivalént of the tricycloheptane 43 to the 67557) mii xcure 
ate—50°Tatforded, after ca 0.5 hn, a mixture let “diene Ar 
and §7-67'. Addition of 43 to 68 at -50° gave the same 
mixture. Warming both these solutions to =20"° sled toa 
mixture of 68 and diene 45; at 0°, a solution -of Wally 
complex 70 and diene 45 was formed.” Thus’ it is apparent 
that a second molecule of hydrocarbon AR attacks the inter- 
mediates 67, OL aor 68, ejecting the "hydrocarbon ligand" 
as che diene 25, with the second molecule of 43 concom- 
mitantly reforming this ligand. Repetition of this pro- 


cess suggests the mechanism for the catalytic action of 


) t low temperatures. 
PACL. (CpH_CN) 5 (80) a . 
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Ln contrast. to Ody ate and 88, the t-allyl complex 
doe when mixed with 423 at.+50°,,,, showed-an nmr spectrum 
with absorptions characteristic of iQ and Sas (no diene 
AR, was present). Warming to -20° gave a species with peaks 


characteristic of 49 and 68. We formulate these species 


YW 


by = 


9) and 68b, in, whichiones Cl arom on 


- « b= 
PeSPpeCcive ly as 67b 6 68) 


{ 
Any 
the metal has been replaced by the t-allyl fragment, as 
Snownaabove. At «room. temperature, 6 8b formed 49 and An. 
These results stronghy indicate that the ,eataly ti¢ ipecies 
at room temperature in the conversion of oe to An is the 
mallyl complex, (0. Attack on 70 by a molecule of 43 
results in the formation of the new intermediates 67b and 
67 .Re then 68b is formed,.which is. in burn sexansformedeianto 
49 and diene 45. Thus is the catalyst (70) regenerated, 


and a molecule of product (45) formed. Repetition of the 


process leads to the total catalytic destruction of the 
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tiicyclic hydrocarbon eke The formation of 1Q £rom 6 8a 
May proceed by expulsion of ‘diene a from G8a, with subse- 
quent formation of the t-allyl group of iQ, bul distinguish— 
ing this from a direct route has not been accomplished. 
Indeed, both these processes may be operating. 

We had’ hoped to extend this: type Of work to, other 
bicyclobutanes in which the cleavage mechanism might 
be defined. Reaction of hydrocarbon a with PdCl, (CgH.CN) , 


(66) at whow neemperatuses wasrparticu eri yiiinternestingpuAt 


Ss priinielt. 2fmisctures: of x4 and 66 showed absorptions in 


ea joe ’ 
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the nmr spectrum characteristic of 37 and 38. No peaks 

attributable to intermediate species were detectable. At 

this. temperature (-70°) , it was fairly rapidly converted 

into 28. Thus the mechanism of this conversion is still 
Av) 


an open question. However, both Paquette and Gassman have 


used the rationale that hydrogen migration to a carbenoid 
centre is favoured over vinyl migration. Methyl groups 


are even Less Likely to migrate. iConsider «the structure 


of a carbene-Pd complex (72) that Wilgit aLise trom DTeyclo- 
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butane rd,- No hydrogen is available for migration. Thus 
the vinyl group must migrate to form the product. The struc- 
tures of 63a and dk are analogous; therefore, applying 

the rationale of the relative migratory aptitudes of hy- 
drogen vinyl and methyl, it might be expected that if would 
be a fairly stable intermediate, at least as stable as 68a. 
No de could be detected. Thus, by this rather negative 
reasoning, it may be iat the isomerization of 2d, to 28 
involves mechanism C, as shown below. This proposal is 

Of course highly speculative. It depends on the relative 
migratory aptitudes of vinyl groups, which both Paquette 
and Gassman had reported to them by means of a private 
communication. It may also be worthwhile to point out 

that Paquette'’s original explanation forgthe Agir)-— 
catalysed reaction of 423 to 44 necessitates invoking 


Vinyl migration in preference to hydrogen migration. 
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Me reaction Of the dimethylbicyciooutane 2, With 
the Pd-complex 66 at cold Temperatures also hac not, ac 
yet, yielded positive evidence of detectable intermediates. 
The nmr spectra of reaction mixtures were quite complex, 
but at low temperatures consisted mainly of products. 
However some small peaks not attributable to these species 
Were cvident, although the intommetion obtainable tavar 
this time too sparse to allow any conclusions. 

Quadricyclene, (1.3) is converted by Pd(II)- 
catalysis to norbornadiene (14). This reaction, at -70°, 
is quenched. Warming the solution (CDC1.) of 13 and 66 
(lel) to “temperatures high enougm toveffect reaction (ca 
-20°) results in the precipitation of the norbornadienyl- 


palladium chloride complex (72) - No intermediates could 


be detected in such reaction mixtures. 
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CHAPTER 4 
AN ASSESSMENT OF TRANSITION METAL~CATALYSED REARRANGEMENTS 


OF STRAINED SYSTEMS 


The isomerization of tricyclo[4.1.0.0-'  jheptane 
(43) to 3-methylenecyclohexene (45) on treatment with 
PdCl, (CoH-CN) , (96) is the only transition metal-catalysed 
Fearrangement Of bicyclobutanes for which intermediates 
have been identified. The mechanism of this particular 
reaction isthe best understood of all such isomerizations. 
It is not possible, however, to generalize from this reac- 
tion to any “others.” As pointed olit "previously , changes in 
hydrocarbon substrate, metal, or ligands on the metal can 
all dramatically alter the course of these reactions. 

Some details of the mechanism of the 42 to Ar 
conversion aré still obscure. - The major problem is ‘the 
exact structure of the first intermediate (S2—6 7B) One 
report has appeared on the reduction of organo-palladium 
gapenasy > * Our attempts at effecting such a reduction of 
g 7 Met withY limited success. -Treatment#of CH5Cl, solu- 
CHONSVOL 67 at -~50° with NaBH), followed by dry MeOH 
resulted in immediate precipitation of the Pd as the ele- 
mental metal. The major, organic product was methoxynor- 


carane (58). A small (<2%) amount of two other products 
AVIA) 


was present. Glpc-mass spectral analysis showed m/e = 


SegSand 1382 (CoH, C2) for both these compounds; this mol- 
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ecular composition could represent structure dA and Js, 
but isomers containing double bonds CS ioe 18) have not 


been eliminated. Obviously more work is necessary to de- 
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Pane qiurther the structure of intermediate (s) 67 Oa he 
A Specific reduction of the Pd-C bond would be the most 
desireable means of such an identification, because it 
wOuLGQ allow introduction of deuterium at a specitic site 
as a marker for the position of the carbon-metal bond. 

The mechanisms of other metal-catalysed rearrange- 
ments of other strained systems also need more extensive 
study. The most desireable objective of such work is the 
characterization of intermediates. In rearrangements 
catalysed by Ag(I), usually ClO. and ats have been used 
as counter ions; both are poor nucleophiles. Replacing 
them with more nucleophilic species (such as tosylate 
anion) may Stabilize intermediate species in) aprotic sol- 
vent, and allow their identification. 

The transition-metal catalysed rearrangements of 


strained systems still presents many unanswered questions, 
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although relationships among the mode of reaction, the 


substitution pattern and the trend toward oxidative addi- 


tion of the metal as described earlier 
emerge. Future investigation of these 
promise of closer understanding of the 


tion metals, strained bonds, and their 


are beginning to 
reactions holds 
chemistry of transi- 


in GerraceLon. 


BOA 
CHAPTER 5 
EXPERIMENTAL 


All melting points and boiling points are uncor- 
CoCEeCd. 

All nmr spectra were run on a Varian Associates 
HA-100 100 MHz spectrometer (12 inch and 15 inch magnets) 
in CCl, solvent, ’with “IMS as internal standard, winless 
otherwise specified. 

Analytical glpc was performed on a F & M model 
Syo0 esearch “chromatograph, employing 6f ss 1/16" columns 
(packing indicated in the text), with a flame ionization 
detector. Preparative glpc was performed on a F & M model 
700 preparative chromatograph, employing 6' x 3/16" 
columns (packing indicated in text) with a thermal con- 
ductivity detector. 


Preparation of Quadricyclene (13) 


The synthesis of 13 was performed as per refer- 


ence 34. 
Norbornadiene (25 g; 0.27 M) was dissolved in 
pentane (1300 ml) and to this solution was added acetophen- 


one (50 ml). This solution was irradiated (Hanovia 450 


watt high pressure lamp) through a pyrex eer, wre 


external cooling. Irradiation time was 5 hr. The pentane 
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Was distilled off through ‘a spinning band column. The 
distillation residue was then fractionally distilleds through 
a short Vigreux column and the fraction boiling at 103-104° 
was collected as a colourless liquid. Yield: 12.3 g 
Garo e) < 


Batis = “7998. (tes): 3 SS4sSa7 im sGGH)i 


BeepatLalion of ex0,exo—2 ,4-Dimethy lbicyclo| 1.1.0 }butane 


(22) and endo,exo-2,4-Dimethylbicyclo[1.1.0]butane (22) 


The bicyclobutanes fF and a) Were prepared accord= 
ing to the outline given in reference 17. Prof. Closs 
kindly provided us with experimental details. This syn- 


thesis was performed by Dr. M. Sakai. 


No 


oe a oe 
CH(CO,Et) , 


dd, AR 


Diethyiwmalonate (120 g, 0275 M) was dissolved in 
Gry ethanoie(350 ml) containing Na’ (17.589,7 0.75 M). The 
bromide oP, (11) GG, 0. 75°), was added, anc. the mixture was 
heated to reflux for 19 hr. After the ethanol had been 
distilled off, the product was washed with H,O (SO mi) < 
Distillation gave the diester 78 as a colourless cia hre quan. 


(op 100=105° at S.mm of Ho). Yield=- 160.9 (932). 
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CH (CO,Et). 
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The diester L8 (160 g, 0.704 M) was suspended in 
equeous KOH solution (80 g KOH an 100° mi HO) and heated 
ate oLOOP ror £5 hx: The reaction mixture was) acidiited 
tomcea pil, and thenvéxtracted with ether (3° x 2150 mM). 
The combined ether extracts were washed with HO (ext 7S 
me)?, dried ({anhydr. Na,SO,), and evaporated, leaving the 
Gucarsoxy liclacid. “Heating thhe tdtactiaatelS5? fom Sehr; 
followed by distillation gave the 3-methylhex-4-enoic acid 
ee Op a LOrs) Bowe te ei20: rim Ho)T.0@ ited: 6190 Sorte 2s 
Wine! Ge 4) ltr ts os To. OR Gi eA aerial eo 


(aL LiBH yee 268. x58. 7 SCH, 12H).. 
O,H coc] 


dn RA 


phe acid a (90 g, 0.68 M) was suspended in benz- 
ane (200 mb) and uto twas: ‘added socl. (80: eg fel tS Moy 
After refluxing 0.5 hr, the benzene and excess socl , were 


apetill ved “off£2" Distillation’ gave *3-methylhex=4-enoyl 
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cGhiloride (80) (op 90-93° at. 20 mm Hg) as a colourless 
Pui. Nie Mois 49.5- g.nb93S3e 
Be weet So eo (my, 2H) 7 St 7. l= 82 0 (ms oh) 1 8 a ee 
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NaN. (50 ¢, O.77°M) was. dissolved in water (1:50 
mi) and cooled in an ice-bath. The acid chloride 80 (95 
g, 0.63 M) in acetone (150 ml) was then added dropwise 
at such a rate that the reaction temperature never exceeded 
Poe etter Stirring at 0° for li nmpahe water layorawas 
carefully separated, and the upper layer was added care- 
bully, to toluene (500 ml). The acid azideg( 3h) @ras aised 


WiEETOUL fLunther puri iication. 


a | RR 


The toluene solution of the acid azide 81 was 
warmed to 60°. A rapid evolution of gas ensued, and 


the mixture was kept at 80-90° until no more N. evolved 
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(ca 2 hr). The crude isocyanate 82 was distilled with the 


woluenec;, and not further purified. 


CH.,NCO Gi NEC! 
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The toluene/isocyanate (82) distillate was heated 
Boe eeLiux with conc. HCL (250 mL) and water (300 ml) “for 
Shr with vigorous stirring. Separation of the phases and 
evaporation of the aqueous phase yielded the amine hydro- 


chioride 83 fea 45 g) which was used without furtner -puri— 


feecatLon. 


p——CH, NH. a (OR H.NHCONH. 


Re RA 


The crude amine hydrochloride 83 (45 g) was heated 
at reflux in a solution of KCNO (50 g, 0.62 M) in HO 
(200em)). for 1.5 he,  Extractiom Of Chis em xtuce wii ether 
(3 x 150 ml), followed by evaporation of the ether, and 
recrystallization of the residue from benzene-heptane gave 


the N-(2-methylpent-3-enyl) urea (84) as colourless crystals 


(mp 80-82°). Yield: 40g (44.63 from the acid chloride 
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Rite, © to9~4.5 (m, tu)s 1 4.9=5.3 (mn, 1lo)> « 6c8-7. 2 (m, 
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CH,NHCONH.,, H.NCONH 


2 2 
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Os 


To the urea 84 (40 g, 0.28 M) in acetic acid- 
acetic anhydride (7:3; 300 ml) was added NaNO, (Z23eoy 


Oes0 My im hao (100 ml) over a period of Thr. Thisem x— 


2 
ture was stirred an additional 30 min, then H,0 CLGOO ome) 
was added and the mixture cooled to 0°. N-(2-methylpent- 
3-enyl)-N-nitrosourea (8) precipitated, and was filtered 
Ort and dried in vacwo, to give pale yellow crystalc (up 
Sooo). 6 (VLG "2o-q (525) 

niece be 3c0-4.2 (m, LH): tv 4,065.0 “(m, Diese 06 ors 
(nell t J.o-S.2 (ny 2H) Geeta Oo So) ea Oe 


(on, JOH) ¢ 


NO 1.KOH 
ie . Seino ae 


85 hr 28 


200%. 


To a mixture of ether (100 ml) and 50% KOH solu- 
tion (10 ml) was added, with shaking, the nitrosourea 8p 
(2.0 g, 11.7 mM) as a fine powder in small portions over 
amin. “The brigne yellow ether phase was) decanted) and 
Grired ‘over ‘KOH pel téts’< " Thistether solution of thesl- 
diazo-2-methylpent-3-ene was then added to CuCN (2 g, 22.2 
ney ane ether (25 ml) "with Stirring. N, evolution was 
instantaneous. After filtration, the ether was removed 
Dy “distriVatvon throtigh 4 ‘spinning band column; the pro- 
ducts were then separated from the distillation residue 
by pecpdaratlive’ gipe “(dimethyisul rolane, 940-S)2) Siherexo 7 
exo=2,,4-dimethy Lorcyclobutane (22) was the first Ce peak, 
and was collected as a colourless liquid. Yield: 118 mg 
Ue. Oe) 6 
nmr of Ra (benzene-d_) : t 8.0-8.2 (m). 

The endo, exo-isomer (22) was the second Ce peak 
em the rgipe "and “was "collected tas a2 colourless Jaquid. 
Yretos 200 ma, (21.25). 
nme OF RR (benzene-d_): TSN Tore CCOMe Leon Tee Theos 


amd C=-4. rotons); tT 7<876.2 (m, 8H; bridgehead and methyl 


DiLGtons,) « 


Rearrangement of exo ,exo-2,4-Dimethylbicyclobutane (22) by 


5 


PdCl,(C,H_CN) 4 (Q8) 


In a typical experiment, to the exo,exo-dimethyl- 


200. 


bicyclobutane (223) (30° mg, 0.37 mM) vin CHCl. (1,5 ml). ,.wes 


3 
added 66 (1.0 mg, 0.026 mM). This mixture was stood for 
14 hr at room temperature. The solution was washed with. 


dilute NH , OH solution, then dried over anhydr. Na.So 


Desi ae 
The products were separated by preparative glpc (dimethyl- 
Sulfolane, 40°) and identified by comparing them wih 
authentic samples (nmr spectra ana glpc retentiom times), 
The products were the substituted butadienes RAs a and RO - 
(sec lable ITLl for product distribution), 

in 2 Similar fashion, the endo, exo-i somer (Zr) 
was rearranged to 24, 26 and nO by the action of: the pal= 
ladium complex 66. (See VYable Tit- for product distribu- 
t1On).. 
Mir Or Cis.,Lrans=hexa-Z2 ,4-diene (24) : T 3.0=5.2, (complex 
ie) et) Ses Sue (my, GH) . 
one ot trans pi rangenexa-2 ,4-diene (26) : t 4.0-5.0 (com- 


plesim, 4H). tye. 48.7. (d, 6s d= 525), 


Preparation of 2,2,4,4-Tetramethylbicyelo[1.1.0)butane (31) 


The synthesis of 2/ was performed as in reference 


35 according to the following scheme. 
Dimethylketene dimer (86) (EOC A-Or. Fibs eM) *arrd 
phosphorous pentachloride (500 g, 2.4 M) were dissolved in 


CCl, (Jj. lade and retluxeds cis sipe reaction mixture was 


cooled in ice, and excess PCl. was filteredoffy’ The f1r1- 


trate was poured into ice (500 g) and the CCl, layer was 
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Gr 18 


RR 87 


washed with HO (3,37 200 ml) saturated NaHCO, solution 
(200 ml), brine (200 ml) and then dried (anhydr. Na5SO,). 
Evaporation of the ccl, gave a crystalline residue which 
was recrystallized to give 1,1,3,3-tetrachloro-2,2,4,4- 
tetramethylcyclobutane (87) as colourless crystals. Yield: 
84 g (47%). 
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The tetrachloride (87) (11.7 g, 47 mM) was dis- 


solved in dry benzene (80 ml), and to this solution was 
added 2,2'-azobis(2-methylpropionitrile) (50 mg). Tri- 
n-butyltin hydride (30.1 g, 103 mM) dissolved in dry 

benzene (50 ml) was added dropwise at reflux over 1 hr. 


Another portion of the azonitrile (50 mg) was then added 


and refluxing was continued 3 hr. A third portion of the 
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azonitrile was added (50 mg) and the mixture was refluxed 

a further 19 hr. After this time, the reaction mixture 

was steam-distilled. The aqueous layer of the distillate 
was washed with benzene (2 x 25 ml). The combined benzene 
layers were manned with brine (50 ml), dried (anhydr. Na5SO,) 
and evaporated, leaving a colourless oil. Distillation 

Gavie@ oo asi aacolourless ‘solid, bpe70°-vaty 20 mvc. (tae: 
Does o-oo.o. at) 32 mm Hog). Yiela: 4 2/o.g mMo6e)7 


mn © O<L3. (Ss) and 6,30 (si, total inteqnratiomycH) <7 


Beo-9.0) (dad, total integration, 12H). 


Cr cr ——— 


RR RA 


Sodium metal (1.19 g, 51.8 mM) was suspended in 
dmy trighyme (30 ml), at) 125° ‘andvunder (cOrmnsigepressure. 
To this suspension, with yigorous stirring, was added 
dropwise a solution of the dichloride ($8) Cis Cts mleaeto 
mM) in triglyme (10 ml). The resulting mixture was heated 
for 3 hr at 125°, 80 mm Hg. The product was distilled on 
forming into a dry-ice cooled trap. This crude product 
was distilled to give 27 as a colourless liquid, bp 94-98° 
(1it.32’ pp 104°) Yield: 1.04 g (688). 


nmr (CD,C1l,): rT 8.75 (3; “6H; exo-methyl protons); + 8.94 
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(s, 6H; endo-methyl protons); t 9.04 (s, 2H; bridgehead 


protons) . 


Preparation of 1,3-Dimethylbicyclo[1.1.0]butane (3,) 


Compound ar, was prepared as per reference 36, 


according to the following scheme. 


BY ps 
secemeecrs seme SSLEBr So oe 
4 bucks 
Rx 


Allene (28s qy710.07 MM) and HBr MS) voy, On My) were 
condensed into a Carius tube at -78°. The tube was sealed 
and stood at -78°, with occasional shaking, for 6 days, 
after which time it was gradually warmed to room tempera- 
ture over 24 hr. The tube was then opened, and the gase- 
ous components removed by bubbling the reaction mixture 
with argon. The residue was a pale yellow liquid, which 
Was distilled tdntil “the fraction boiling ab 657, .o0 mn ia, 


had all been removed. Tne distillation residue was treated 


with pentane (6 ml) and cooled to -30°, whereupon crystals 
formed. These crystals were collected and washed briefly 


with cold pentane to give the dibromodimethylcyclobutane 
82 as colourless prisms. Yield: .9.6.g (10%). 


mmr: 1 6.82 (s, 4H); t 7.88 (S, 6H). 
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The dibromide 82 (3.0 g, 12.4 mM) was added to 
lithium amalgam (0.5%; 100 g) in dry dioxane (50 ml). This 
mixture was stirred vigorously at room temperature for 46 
hr. The organic layer was decanted from the remaining amal- 
gam, then filtered. The dioxane solution was then distilled 
at atmospheric pressure, stopping when the boiling point 
reached 94°. The distillate’ consisted of dioxane and the 
desired bicyclobutane. The bicyclobutane (32>) was obtained 
pure by preparative glpc (UC-W98, 70°) as a colourless 
Mier. VYretas 624 img (8lsy. 
nmr (CD,C1l,): T° O.6s Cs, GH? methyl protons) 5) 73793 is, 
au. exo-methylene Orotons) - "e9. 40 Cs, cu; endo-methy lene 
DiOcons). . 


cA 
Preparattonjer Tricyclo[4.1.0.0°" |neptane (43) 


The preparation of 43 followed that given in ref- 


erence 37. 
KOt-Bu was prepared freshly from potassium metal 
(9.0 g, 0.231 M) and t-BuOH. To the dry, powdered KOt-Bu 


was added cyclohexene (16.4 g, 0.20 M) in dry olefin-free 
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pentane, (100. mh). Thais mixture, was cooled: to 0° ,and“ito 

it was added dropwise, with vigorous stirring, bromoform 
(525.84 9%..0..205 M)..) The. mixtuneywas then, stirred) ateroom 
temperature overnight. Water (70 ml) was added to 
dissolve the solids, and the aqueous layer was extracted 
with pentane (25 ml). The combined organic phases were 
washed with brine (30 ml), dried (anhydr. Na,SO,) and eva- 
porated, leaving a yellow oil. Distillation gave the 7,7- 
dibromonorcarane 20 as a Colourless: O14 (bp So" Satu. orm 
|) Neca Ge el Ie eens 4 (70%). 


mmr: tT 7.6-9.1 (2 overlapping multiplets centred on T 


Bete and's.65)-. 


=> Br 
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The dibromide 99 (10 g, 39.4 mM) was dissolved 
in dry pentane (150 ml) and cooled to -45°. To it, slowly 


over 1 hr, was added a solution of methyllithium in ether 


rE Wa ¥ 


i i a 
4-75 a 
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ZO 


(47 mM) at -45°, This mixture was stirred for 1 hr at -40°, 
BHon “waktmed *co"0? for I hrfh After srecooling fo —40°™" wet 
ether was added to the mixture until excess methyllithium 
had been destroyed /* "After “warming ‘to''0®) NaH.PO, solution 
(1M; 100 ml) was added and the organic layer was separated 
and “dried, at 0° -(anhydr. Na,SO, and K,CO, me xcure). Tie 
solvents “were sthen “evaporated at 0°, 45-155 mm Hg, “then 
the residue was distilled at room temperature, 10 mm Hg 
Onto'"a dry-ice cooled cold finger. Preparative glpc (UC- 
W98, 80°) gave the tricycloheptane (43) as a colourless 
brouLa  Vield: Y 444 mg -(12S)'. 
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4)? 
Gr 0- C456: (i, 2H C21, -C-7 praetons) 7 82 60=c076 (mM, onl; 


methylene protons). 


Preparation o&€)1,2,;2-Trimethylbicyclo[1.1.0)butame (22) 


The preparation of £2 followed that given in ref- 


erence 38. 


Br Br | 


at Re 


The dibromide 2] was prepared from tetrametnyl- 


ethylene and dibromocarbene 1n the same manner as 7,/- 


dibromonorcarane (90) was prepared. 


20s 


The dibromide ne (10 g, 39 mM) was dissolved in 
dry ether (30 ml) and cooled to 0°. To this solution was 
added dropwise an ether solution of methyllithium (40 mM). 
The resulting mixture was stirred 1 hr at 0°, then hydro- 
lysed with H,0 (25 ml). The organic phase was washed with 
Drine. (25 ml) eand \dried | (anhydr: K,CO3) - Evaporation of 


the solvents gave a yellow oil which was distilled to give 


the trimethylbicyclobutane (g2) as a colourless liquid, bp 


3° tpeiaaey h vierar ipso lghtt5s). 


S4=85° "(1it: 
HMGeetT. oe 54 (S, 3H; C-l methyl protons): 1158594) (so, 3H; 
C=2 exo-methyl protons); t 9.22 (s, 3H; C-2 endo-methyl 


puetons i; frees2<-9..12tm, SHe bicyclobutane ving protons), 


Preparation of 3-Methylenecyclohexene oe 


ce) 


Methylitriphenylphosphonium bromide (31 g, 87 mM) 
was suspended in dry ether (400 ml) and reacted with n- 
butyllithium in hexane (85 mM). This mixture was stirred 
30 min at room temperature. Cyclohexenone (7.0 g, 73 mM) 
was dissolved in ether (25 ml) and added to the methylene- 


triphenylphosphorane solution at. .5room temperature ata 
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rate sufficient to maintain reflux. The resulting mixture 
was refluxed 2 hr. H,O (20 ml) was added, and the ether 
was distilled off at atmospheric pressure. The residue 
was thorougnly extracted with pentane (6 x 30 ml) and the 


combined pentane extracts were dried (Na SO,) and evapo- 


2 
rated. The residual oil was distilled onto a dry-ice cooled 
cold-finger (at room temperature, 10 mm Hg). The 3- 


methylenecyclohexene ( 2) was obtained pure by preparative 


4 
Oe, 
GeO eMGUC=W9e 180%), tasi.a colourless Liquids .vield: ef il25 
onc ls). 

nie nS iS Sm 2) ee AALS Rh, ZH a ee Sees Ga, 


a weory Sailed 24° (mi, 22H)2 


Preparation of Palladium(II) Chloride-Benzonitrile (66) 


Palladium dichloride (510 mg, 2.88 mM) was added 
LOvdry benzonitride (l0eml) and Meated nat 100. fer 7 oan 
under an No atmosphere. The resulting mixture was fil- 
tered hot and cooled. The precipitated crystals were fil- 
tered off and washed with hexane (3 x 25 ml), to give the 
palladium(II) chloride-benzonitrile as yellow-orange crys- 
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Detection of Intermediates 672, 68 and 19 


In a typical experiment, PdC1. (C,H_CN) 5 (66) 


(14.0 mg, 0.037 mM) was dissolved in cD,Cl. (0.25 ml) <on= 


er te ee re hi iti Tas ced 
taining ca 4% TMS (by weight). This solution was place 
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in an nmr tube (which had been previously been washed with 
dilute NH , OH solution and dried) at.110° for 24 hr, then 
cooled under a stream of awgon)s. 1 wintostne time weuber: was 
inserted a narrow (1 mm diameter) glass rod, flattened at 
thewend. The,nmr tube containing the solution of the pal- 
ladium complex (66) was ithenvcooled to: -—50,%, under eee 
Om argon /lby linserting mostiofeits: length anto ansacetone/ 
dry—ice’ bath tat .thisiatemperaturesm After 15 min, a solution 
of the Gricyclerd. Lada & lhep tate (43) (3°43 may O%.035;7mM) 
in cb.,Cl., (0.1 ml) was added dropwise (ca 30 drops) to 

the cold metal complex solution under argon, by means of 
atvery fine ‘capillary pipette: “During~the -addition,of ARB, 
a constant and vigorous agitation of the reaction mixture 
was maintained by means of the glass rod inserted in the 
Mic tube. Careécwas.ttaken motto (splashvany of the reaction 
mixture onto those sections of the walls of the nmr tube 
which might have been at otemperatures abover-50°;— After 
the addition of A3, a canary yellow solution resulted. The 
mmr tube was tightly capped and inserted into the nmp spec— 
trometer probe at -50°. This solution (of complex 6/7 and 
oo) showed nic Signals at 1 5.39 and 5.72 (m, total ante- 
Gravion li): sand 1 bv6+0.6 (complex m, total integration 9H). 
No peaks due to starting material (43) were detectable 
after 15 min at -50° (see text). 


Warming the solution of 67 and oP ie to -20°, gave 
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the carbene-Pd complex ba ocmommorange solution at =20° 
The nin spectrum of pe showed peaks at 794.42 (broad @d, 
ie 0) Oe oie rs 4 78) “(im LA) eet ao eS LE eu cariceenh 7 ay 
8.5 (m, 7H). (See text for interpretation of this spec- 
feu) \< 

Warming the solution of 68 to room temperature 
gave a dark red-orange solution of the m-—allyl complex Act 
a2cer ca 20. min.) The nmr Spectrum snowed pearsidt to. od 
(oroad Ss, eit C=2 protons) ;t 5.38 (broade 4 1H {C= p16 
Domo to Ge.) (Droad S,..1tHe C=/ endo-proton) ; Cee (Or Oac 
So tis C=] exo-proton) ; tT 7.365 (mM, Zhe C—5) merciylene pro 
EONS)... ana t watt o. > (il, 4hs C=—3. and: C=4omethyvilene p1o- 
tons) . 

All. of the above spectra also showed absorptions 
auc to. tne: benzonitrile protons (7 262-2. 7) 

Reaction of 70 with excess NH 3, pyridine Or tri= 


phenylphosphine generated the diene 45 as the sole organic 
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APPENDIX TO PART I 


At the request of the examiners, the analytic 


data for the following compounds is now included. 


Compound 50. Calcd for Co 5H 5 609S>: 


FOUNQ? Ney | 50.208) Ones. 


651571907) HS 105 6 


c r ° ° 
Compound Ae CalreaTEox Ci 5H, 90: Cri Ole 22en nt Ou 7 


Found: CC, 61.28: H,.6.24,. 


Calcd m/e 294 08: 


2:9 aia, 


Meas m/e 


Compound PA. Caled for C544, 60>: OPP CCEA Ks Mic las Te HOR 


FOUNGs. © Cum como 0 titel Orato t 


Compound 64: Caled .ror Co 6H 99955: Ci pO Oita a ee 


BOUVIGie Bde pura Oreos ele ean 


Bu ae Oils. 


Compound 74. Caled» fox Co oH) 90>? m/e 
314.1314. 


Meas m/e 


Compound 26 - Calcd: for Ci oH 404? GGA ee oe Pgs 
Found:.) (C10 4.7907 nA. 
Calcd m/e = 222.0892 


Found: m/e = 222.0897 


Compound 28 acetate. CaLca cor Ci 6H29° Se aan) SO ie 


Hy Tera 


i fay iby ae sirtonasere oes ca 4 
Bohai | 


Or.2 sae ae ae ‘pause 
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: vie 


21.7% 


Found OC, i 7/35/74 eHs , SeR9% 


Calcd m/e = 260.1413. 


Meas m/e 26071422. 


Compound L090. Calcd m/e for C1 4850 = 188.1565. 


Found: m/e = 188.1570. 


The following experiments are also included at 


the request of the examiners. 


Attempted Preparation of 3,4-Benz-1,5-bisdehydro[10]annul- 


ene (32) 

The dimesylate ra, (105 mg; 0.287 mM) was dis- 
solved in. a mixture of methanol (1. mi) and THE (28 ml) at 
0°. To this solution was added sodium methoxide (32.9 mg; 
02575 mM) animethanol (1.8 mh)... This: solution wasmctrered 
at, 02 for 0.5 hr, then,.at room temperature for 6 Hew a 
silky precipitate formed. The mixture was hydrolyzed with 
1M NaH.PO, solution (50 ml) and extracted with benzene 


ina 
(50 + 2 x 25 ml). The organic players were dried (anhydr. 


Na SO,) and evaporated, leaving a brown semi-crystalline 


2 


residue. Nmr analysis of this residue showed it to contain 


anthracene. Sublimation of the residue (90°, 0.05 mm Hg) 


gave nearly pure anthracene (ca 10% yield). 


Repetition of this experiment in anhydrous THF, 


using DBN, KOt-Bu and LiN[Si(CH 3) 3], gave similar results. 
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218. 


Attempted Preparation of 3,4-Benz-1,5-bisdehydro[1l]- 


annulenyl cation (63) 


The hydrocarbon 20 (22.5 mg; 0.116 mM) was dis- 
solved in dry CD CN (0.1 ml) and placed in an nmr tube. 
TO,1t was ‘addé@ha solution of trityl fluoroborate (38.3 


mgs) OL LG mM) in CD-CN (0.25 ml). The mixture turned 


S 
biackwanstanthy,. After standing 19 hr, all ofthe start- 
ing material had disappeared. Monitoring the reaction by 
nmr spectroscopy gave no indication that 63 had formed. 
Only tarry material could be obtained by workup of the 


reaction mixture, 


In an attempt at forming cation 102, 3,4-tetra- 


methylenecycloundeca-1,5-diyne-3,7,10-triene (38) was treated 


with trityl fluoroborate in the above manner. The results 
were qualitatively the same, and again no evidence of pro- 


duct formation could be obtained. 
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